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ABSTRACT

This document presents a generaliced integra‘ed conceptual approach to
the major steps involved in estimating the costz of a military system. The
approach is generalized in the sense that the document identifies the common
methodolagical problems and tasks involved in costing all military systems.
The spproach is integrated in the sense of discussing the entire process of
costing a systam from beginning to end and in showing the methodological
relationships of each sequential step to preceding and subsequent steps. The
approach is conceptual in the sensc that fundamental principles are stressed
as opposed to a catalcg of resource costs and estimating relationships or a
case book detailing the specific procedures used to cost particular systems in -
the past. '

Notwithstanding its conceptual orientation, the approsch in this study is
task oriented in the sense that discussion centers around such highly practical
questions as the following: what an analyst should learn about the client's
iatended application of the estimate and about the details of the aystem he is to
coat before he begins the costing task itself; the criteria an analyst can use to
help him realize the greatest benefit from the limited time he normally has
availeble to make the estimate; the types of activities and resources he should
cost and {n vhat detail; the types of data he should seek as a basis to cost such
activities and reecurces, and the sources from which he should try iv collect
these data; how he should proceed to evaluate and synthesize his data inputs to
arrive at his system cost estimate; how he should present the details of his
findings so that they will be most meaningful to kis client and not be
misinterpreted.
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PREFACE

This document integrates and provides a status report covering the con-
ceptual research in system cost methodology that The MITRE Corporation
has accomplished during the last four years.

1n April of this year an initial draft of this study was circulated among
the staff of MITRE's SystemsAnalysis Department (D-53) for review and
comment, The writer wishes to acknowledge and to express his deep
sppreciation for the many, valuable comments received from the following
D-53 etaff who reviewed and commented on the initial draft: Frank W,
A'Hearn, Ahti E, Autio, Joseph M, Cappellett’, Richard M, Durstine,
Charles S, Enright, John A, Evans (now with MITRE's Information Sciences
Department), Harold Glazer, Robert L, Hamilton, Thomas J. Jannsen,

Eugene D, Lundberg, William Marcuse, James R, Miller, 111, Lee R, Morris,
William C, Morsch, Robert L, Murphy, Herbert B, Roseman, David F, Votaw, Jr.,
Carter F, Wolfe.
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Technical Operstions, and to Mr. Eugene D, Lundberg, Head of MITRE's
Systems Analysis Department, not only for their generous administrative
support and technical counsel, but also for the personal interest they
have maintz.ned in this undertaking from its inception through {its
present formulation,

Footnotes in this document are used, almost exclusively, to identify
source references. To facilitate reading, these footrotes have been
consolidated, with a few rare exceptions, at the end of each chapter
rather than at the bottom of the page on which the reterence is cited.
The applicable page in the text to which the footnote applies is
identified in the right hand margin of the footnote page.
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CHAPTER 1

1.1 Purpoge

This peper aims to present s generalized, integrated, ~oncentual

picture of the major steps 1ngolved'£n costing large-scale military systems.
| ‘
The approach in this study is generalized in the sense that it seeks to

ldéntlfy the common -ethodoloéical problems and tasks involved in costing

. l'lnrge military systems. in fact, the iethodolo;y seeks to be even
nofe generslized in that it also aims to Le potentially aspplicable to
est imating the coscs of -oderJ space systems and other complex public or
private civiliqn undertakingl:(lee pp. 19-20).

The appros-h seeks to be integrated in the sense of discussing the
entire process of costing a system from ¢h: beginning of its 11fe cycle to
the;end and in showing the methodological relationships of each sequential
step to preceding and subsequent steps.
| ; The approach is con.eptuslized in the sense that fundanental principles

lri stressed as opposed to a catalog of resource costs and estimating

relationships or a case book detailing his:crically the specific procedures
used to cost particular systems in the past. 1In other words, the document
does not pfovide a detailed costing "cook book”, a self-contained set of
how-to~do-it costing algorithms. Questions of why and vhen to use a given
costing procedure are usually éccotded equal attention with questions of
how to use the procedure.

Pinally, this document iojan interim report. Illustrative of material
to be covered in & subsequent edition are the following:

1




8. Fuller and more numecouz excmpies will be provided to fllustrate

some of the theoretical concepts set forth in the present study.
These exemples will drav from case histories, from advanced
Planning studies of particuiar systems, and from actual system
cost experiences to fllustrate the relevance and interface of the
concepts outlined in this document.

b. A subsequent edition will also make use of extensive graphic and
visual meterial to ahpplcuent the slmost purely verbal exposition
of the present document.

¢. A sudsequent edition, perhaps a compsnion study, will provide a

- data-base complement that will facilitate the use of the
-gthodological concepts set forth in this document.

d. A later edition or study will consider in more detail a matter
only lightly touched on in thbe final chapter of the present study;
namely, the potentislities and limitations of system analysis,

including cost analysis, as a tool of decision making.

The paper is directed to three types of audiences. PFirst. it aims to
de useful as a training aid for newly recruited members of the syste‘
costing profession. Second, it is addressed to the clients of the system
cost snalyst. By acquainting them with the problems that confront the
cost analyst, it is hoped that they will detter appreciate both the
potentialities and limitaotions of the cost estimate. Third, it is hoped
that the document will be helpful to professional cost analysts, including
system cost methodologists, as a frome of reference for developing new

and detter methods of estimating militacy system costs in the future.




1.2 Basic Terms
Resource: A resource, as defined here, is any limited supply, natural

or manufactured nlterini or agent useful either directly or indirectly
vhen employed in combination with other materisls or agents to satisfy a
personal or social objective. Exsmples of resources as used in this
document: equipment, buildings, personnel services, etc.

Cost: A cost {s a resource drain, the cannifment of a valuable,
linited-tupply.uplti—use material or sgent to a specified use. The concept
of cost is both basic-and compl;x. It will be discussed frequently through-
out this document, expecfally in Chapters 2 and 8.

Bffectiveness: Effectiveness is a value concept. As used here, it
represents the valu? or worth placed upon designated gttributes of military
perforﬁnnce such as the vélue of a Mach 3 speed aircraft or of the fifteen-
minute warning time provided by a radar system.

System: A system is the sum total of human and material resources,
including the procedures raquired to coordingte their Eunctiou;?g, employed
to satisfy s designated mission or objective; For instance, SJLten 416L
(SAGE) basically -onsists .f designated types and quantitieue:I:buildings,
eﬁuipnent, and people directed tc providing warning of an en i[aircraft
attack on the Continental United States and Canada.

Decision Maker: A person or agency responsidle for choosing among
several or numerous alternative means of sccomplishing a given goal. The
term ¢ cision maker, as used here, is almost ufnonymnua with the term
manager. The term "decision msker" {s preferred to the term "manager"
becausze the term "manager” historically connotes administrative responsibility

that may or may not exist i{n certain contemporary deciafon makine situations.

3




1.3 The Importance of Cost

1.3.1 The Role of the Cost Pitimate

A cost estimate is properly viewed as one of the tools that military
planners and systems designers can invoke to help select systems that will
maximize the effectiveness of the military forces. This view contrasts
with the position, more widely held five years ago tlan it is today, that
the cost estimgte is principally a constraint or club wielded by comptrollers
to limit the effectiveness of the military force.l (See bdelow)

The role of the cost estimate in helping, rather than hindering, the
military planner to maximize the effectiveness of his forces rests upon
a neries.of self -evident snd generally accepted propositions. These
propositions are derived from clissical economic principles and apply with
equal force in sny decision situatfion whether one adopts the perspective
of’a privatc femily seeking to spend its income wisely, & corporation
executive trying to strengthen the total competitive position of his
company, s university president trying to match his plans and programs to
his resources, or a military planner striving to maximize thc effectiveness
bt‘hls military forces

1.3.2 pultiplicity of Coals

The first proposition, referenced above, is that men and organizations
in all walks of life bave a multiplicity of goals, missions and objectives
that they desire to satisfy.

1.3.3 Scarcity of Resources

The second proposition has tw> parts. PFirst, resources must bde
¢:pende3 -~ costs incurred -- to carry out the programs drafted to meet

the multiple objectives referenced above. Second, vhatever the context,

Footnotes related to eich chapter sre descridbed st the end of that chepter,
with certain significant exceptisas which sre incorporated in the text.

4




resources are scarce in the sense that the total demand for resources

usually outstrips the total supply of resources. 1In other words, there
are normally unfilled demands; for all practical purposes, a decision-
maker seldom has sufficient resources to carry out fully all of the programs
that he regards as legitimate and useful.

1.3.4 Qpportunity Costs

S8ince considering all misiions or objectives in toto the demand for
resources exceed their supply, it follows that every dollar or unit of
resources committed to one use means one less dollar or unit of resources
svailable elsevhere. In other words, there is an "opportunity cost"” --
an opportunity lost to satisfy some other legitimate objective elsewhere --
associated with using limited supply, multi-use resources to satisfy one
want or objective rather than another.

1.3.5 Alternative ggans To An End

A fourth proposition is that there are alvays several or numerous
different ways of satis. ying each of the competing goals or missions that
a decision-mal.er has. This {s as true whether the context is that of a
private family planning to meet its require ents for shelter, transportation,
or higher education as it is of a military planner seeking to provide a
capability for warning against an enemy attack or an effcoctive counter-

sttack capability.

1.3.6 Different Resource Requirements

Different system alternatives for meeting & given objective provide
different efficiencies (differant outputs per unit input) in the way they
use available resources. Consequently, the costs of attaining a specified
or equivalent standard of effectiveness in any given wission ares varies

(sometimes greatly) from system slternative to system alternative.
S
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1.3 7 Cost As A Criterion

Taking ss generally valid each of the preceding propositions, com-
parative costs automstically assume imyortancevnl one of the criteria
that a decisfon-maker {nterested fa maximizing his effectiveness in
several mission areas, should consider in selecting among system alternatives.
fince every dollar or unit of resources committed to one mission means one
less dbllar or unit of resources, and hence potentially less effectivenéns,
available for some other mission. a decision-maker who incurs greater costs
than necessary in order to attain & specified or equivalent standard of
effectiveness ia one ares. wasi= resources and in so doing automatically
reduces the effectiveness of bis Zotal forces.

One implication of this "opportunity cost" approach to system decision-
making is & rejection of the notion that gn intrinsic value can be assigned
to achieving any performance level that is independent Qf the costs of |
.chleving'thnt‘ioal. Stated affirmatively, the opportunity cost approach
to system decision making contends thst in assessing the value of a
proposed, more costly incresse in performance capability in one mission
ares, one must consider the consequences of a degraded performance level
in some other mission ares that will result from such a diversion of
resources. To illustrate, it is impossible to decide wisely whether we
should adopt & new system that would provide a ten per cent increase in
our offencive striking power solely by considering the additional damage
such an increment in striking power would engble us to inflict upon the
mmewy. Whether this increased striking power-- vhether this 'creased
capabilicy to dsmege the'ine-y -« would actuslly enhance our total military
strength compared to that of our enemy would depend upon the quantity of

resources required (the costs) to achieve that ten per cent increase in
6




striking power and the effect such diversion of resources would have on the
level of performance in other important mission aress. Wher resources are
scarce -- as they alwvays sre -- the ansver to the above question would
depend upon vhether the opportunity costs of the ten per cent increase in
striking power were a 1%, a 10%, a 502 ur a 99% relative degradation in
gomz other vital military wission, such as defensive capability or some
other importaﬁt nat fonal objective such as economic assistance to
undeveloped countries.

The same comparative costs trade-off considerations, of course, apply
“when g military planner or system designer is making intra-system con-
'figuration decisions relative to the amount of effectiveness he will see
in the realm of each of a given system's performance characteristics.

1.3.8 Cost[!tfeétiveness Rationale

In setting forth the logic of the *cost as a decision making criterion”,
deliberate care has been taken to use the words "specified" or "equivalent"”
level of effectiveness. This qualification is important because it suggests
another important point. The use 6f cost as one of the decision making
criteria cdoes not necessarily imply a preference for the lowest cost system
alternative. (A $2 pair of shoes may be a more costly means of providing
for one's footwear needs than is a $20 pair). Cost relative to effectiveness
is the important reference,and the lowest cost alternative is favored only
in terms of a specified or equivalent level of effeétiveness for the various
alternatives. Hitch and HcKean have argued perauasively for the concurrent
consideration both of cost and elfectiveness, for a cost/effectiveness
approaﬁh, in making system analysis decisions. They have tried to make
their point clea. by the following analogy:
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Strategy sand cost are as int2rdependent as the front and
rear sights of a rifle One cannot asaign relative
weights to the importance of the positions of the front
and rear sights It does not make sense to ask the
correct position of the rear sight exrept in relation
to the front sight and the target. Similarly one
cannot economize except in choosing strategies (or
tactics or methods) to achieve objectives. . The job of
economizing, which some would leave to the budgeteers
and comptrollers, cannot be distinguished from the

wix le task of msking military decisions.z

This question of the inextricable relationibetveen choosing
'objectjves and comparstive costs will be briefl} discussed again in

Chapter 10 when the use of the cost estimate as;a decision making tool {is
i
|

resumed.
In summary, the universal prevalence of reiource limitations, the
multiplicity of goals #nd missions, the ever present possibility of using.
slternative mesgns or systems involving different resource requirements to
meet each specified géal, all give risze to an opportunity cost in using
resources one way vs another. The net result is that the question of
comparative coat tskes on critical importance to s military plenner
interested in uuxiniiing the effectiveness of his total fﬁrccs{

1.4 The Importance of Reliable Costing

1.4.1 The Common Sense Argument

S8imple logic or common sense would dictate that if comparstive cost
is to be used gs one of the criteria in choos£n§ samong system alternatives,
it is important that these zosts be reliable. I; other words,‘co-pcrative
cost would be a useful and valid criterfon for selecting among system
alternatives only if the cost estimgtes measure Qith tolerable accuracy
the actual costs they are intended to messure. If these estimsfes are
grossly insccurate, they will serve as a bighly misleading decision meking

criterion.
.




1.4.2 The Consequences of a Costing Error

Untowerd consequences of a serious error in a cost estimate can be
felt in the case either of a serious overestimate or underestimate. A
serious overestimate can cause a decision maker to forego a good system
because it appears to be too expensive. Or an overestimate can delay othker
projects by erronevusly allocating too = irv resources to a particulér
project.

Thé most frequent and serious consequences of an error in costing
cccur, however, when the co. ts of a major system are grossly underestimated.
This s true because historically most errors have been underestimates.

The consequence of 8 serious cosc underesiimate is normally either a
retrenchment in the affected program or in some other important piogram.
These teadjustments in programs not only serfously erode the planned
cffgctiveness of the total military force, they also cause a serious waste
of nativnal resources and frequently entafl violent and prolonged dis-
locations in the economies of large regions of the country.

The ctucial importance of minimizing such idjustments in programs and
the resulting economic dislocations derives from the tremendously large
resource investment the nation makes in military anc space programs. The
military and space jindustry is now one of the nation's largest industries,
and Defense and NASA expenditures constfitute roughly ten per cent of the
United States gross national product and exceed the gross national products
of all but & handful of other countries in the world.

In certain important areas, such as research and development, the
magnitude of military programs is even more impressive. For instance,
United States annual expenditures for all types of medical research, pudlic
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and private combined, approximate $1 billion per sear. Ou the other hand,
research and development expenditures by the Department of Defense
approximste $7 dillion per year. Adding the R&D expenditures of the
National Aeronautics and Spare Admini:trat;on and the Atomic Energy
Commission to those of the Departsmeni of Defense increases the total
federsl R&D expenditures for nstionsl security jurposes to spproximately ‘
$13 billion.

An equslly impressive picture is obtained if one considers individual
systems. A landmerk was reached in World War II wvhen the nation undertook
.1tl first billion-dollar system, the Manhattan Project to develop the
atomic bomb. By comparison, in 1962 it was suthoritatively estimated that
the Defense Department slone had twenty systemg in viriou: stages of
development, es~h costing $1 billion or nore.“

Susmsrizing, the development of modern military and space systems is
perhaps bssically the largest. most comprehensive series of ventures that
man has ever undertaken and necesssrily requires the expenditure of huge
qucntitiealof resources. However, since errors in esti-atiné the resource
requirements of these systems can have fir-teaching repercussions not only fi
on the effectiveness of our totsl military posture but also oﬁ the economic i
well being of the entire country, it is extremely important that increasinglyw

|

reliable methods for estimsting the costs of theae systems be developed.

1.5 Why It Is Difficult To Cost A Military System

1.5.1 A Coemon Kisconception
One of the common misconceptions of individusls having only a peripheral

acquaintance with the system costing field is the notion that such costing
is a relatively simple, streight-forward numbers game requiring a basically

unsophisticated methodology. Portunaisly, this judgment has hesn tempered
10




in recent years by the serious difficulties that professionals in various
. disciplines have experienced in trying to accurately estimate an gdvanced
system's cost. '

There are many reasons vhy it is difficult, rather than easy, to
- accurately estimate such costs.

1.5.2 Interdisciplinary Knowledge

One reascon i; that the cost analyst must be conversant in several
dilciplines, not one. This can be explained by the fact that historicslly
most serious errors in system cost estimates in the past have been traced
to what has been called "configuration uncertqinty". Stated differently,
most costing errors have been due to the extreme difficulty of anticipating
in the advanced planning stage of a system's development whet types and
quantities of resources will eventually be required to develop, zcquire,
ard operste the system. If the cost analyst is to cope with configuration
uncertainty, it is not sufficient that he be versed in accounting techniques,
cost data sources, or even in the principles of economics.

There are many reasons why if is difficult to cope with configuration
uncertainty. One {s that the specification of the physical uﬁit == the
resource definition of the system to be costed -- is g derived input and
this derivation is a function of such elusive considerations as the nature
of the enemy threat and the probadble impact of technological progress.

In turn, each of these parameters from which the physical unit
calculation is derived {s highly unstable and very difficult to predict.
Taking the matter of technology, for instance, the rate of techdological
change in the military and space field is the most rapid snd volatile in
our economy.

11




Finallr, in the case of advanced systems costing the ectint..en must
be projected five to fifteen years into the fi*ure. This time-frame in
itself present- a prodigious undertaking if one compares it with that
pthalent in other disciplines in which forecasting is practiced. For
instance, econoaic activity forecasts, political forecasts, weather fore-

casts. and forecasts of fashion in clothes are usually restricted to a

matter of several months, or at most, a year or two ahead.

1.5.3 Increasing Complexity

A related consideration that makes it very difficult tc¢ estimate the
costs of military and space systems is the tremendous and increasing
complexity of many of these systems. Complexity as defined here is taken

to include not only the intricacy of the basic technology of these syitm

but slso the manifold problems in keeping abreast of a rapidly changing

technology. Various authorities have assembled objective evidence of this
complexity. For instance, as compared to military systems of a decade or
two ago or as compared to ccmplex contemporsry civilian undertakings,

many military and space syitems involve tremendous ~- sometimes geometric --
increases in:

(1) the number of components insolved. For instance, Admiral Rickover
recently testified that s Polaris submarine contains 3,400
separate complicated pieces of equipment and that a Polaris sub-
marine must éarry 30,000 separate kinds of spare parts.s

(2) the closeness of the tolersnces and reliabilities with which
these components nmust perform.

(3) the number of different functions a giver subsystem must perform.

(4) the accurecy with which these subsystea functions must be performed.

12




(5)

(6)

(7

the degree of interdependency involved and ti\e closeness of the
integration required among these subsystems and components.

the variety and uﬁtlty of environmental influsnces that must
be confronted in such matters as tempirature, pressure, gltitude,
h-.id‘ity, sonic vibretion, electromagnetic interference, cosaic

particles, etc.

the variety, sophistication,‘md quantities of resources required
for its development and 6peration. ‘For instance, modern military-
space systems have involved a hitherto unheard of mobilization
both in depth and in breadth of the academic ;nd industrial
worlds. PFor instance, new major professions and industries

have been created specifically to cope with the tremendous

'~ technical problems associated with csveloping and operating these

systems. Somewhat fllustrative of this condition, J. F. Atwood,
President of North American Aviation Co., recontly stated that today the
staff of his company has degrees in 175 def’erent college majors
wvhereas twenty years ago most of the ccmpany’'s staff was trained

in one of four basic engineering specialities. 6

Some inkling of the quantitatlve impact of this mobilizstion of

scientific-technical resources can be gathered from an exgmination of the

mmber of engineering man-hours required to develop a new system. In this

connection vhereas major systems two or three decades ago may have required

several hundred-thousand engineering men-hours, some of the current more

advanced systems require as many as 15,000,000 engineering man-hours to

develop the system from design to initial operating capability.

7

1.5.6 Difficult Data Problems

A sajor problem in securing reliable and relevant data is another
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condition that makes it very difficult to accurately cost a military or
spsce system First, since the systems approach to military procurenent‘
is relatively new -- e.g., in the military electronic and space fields
the oldest systems were introduced less then a decade ago -- there is a
very =amil historical data base from which to groject. This contrasts
sharply with forecasting economic activity or populatica growth where the
historical dats base extends back for decades or, in some cases, for
several centuries.

Second, for reasons that will be covered in Chapter 6, even this
meager data base consists largely of heterogeneous observations having
limited comparability with each other.

Third, because the rate of technological development is sc rapid,
cost analysts, to a much grester extent than is necessary in most
disciplines, must supplement this meager and dubious historical data base
with expert opinions, and t" 2 prodlems in eliciting and evaluating these
ppinions are legion

Pourth, contributing to both the meagerness and the dubisug guallty
of both the historical and expertise segments of the data base is the
fact that much of the most relevant data are closely held rather than
widely disseminated. Again, there are many reasons for this situation:
national security reasons. the proprietary character of many industrial
data, and, finslly, the fact that the possession of a cost-estimating
data base bestows upon the holder a competitive advantage over his riﬁals.

Pifth, although recent changes in Department of Defense regulations
such ags the discontinuance of cost-plus-fixed-fee type contracts, have
promoted greater cost realism, inherent biases are associated with much of

the availadble cost data. A substantial number of all cost estimates are
14




developed by industrial sources to support a particular company's system

proposal to a goverrment agency or by a lower echelon government office

to win approval for a program from g higher level government office in

competition with other programs. Considering the competitive environment

in vhich such estimates are developed, it is not surprising that they

frequently lack the objectivity of a United States Census Bureau population

count,

1.5.5 Difficuit Conceptual Problems
Highly complicated conceptual problems sometimes make i"hnrd to

accurately estimate the costs of a military system. For instance:

The problem in defining "system cost’ parallels the problem that
economists and msnagering accountants have had for years in

satisfactorily defining "profit" from either a iociﬁl or a broad
corporat; perspective. One instance of this problem in defining
system cost occurs in trying to devise suitsble grouxd-rules for
detecting and measuring the delayed and oblique costs associated

vith inherited assets, shared assets, fixed supply assets, salvage

.

[

values, and spillovers (see Chapter 8).

There is a great problem in devising suitagble criteris for
objectively selecting one type of cost classification over another
(see Chapter 4). .Or similarly, there are problems in defining
-pecif;c cost elements discretely and non-srbitrarily. For
instance, in evolutionary, one-of-a-kind command and control
systems, it is very difficult to distinguish between certain

Research and Development and Investament Costs.
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c. It is very difficult to establish criteris for comparatively
evaluating and weighting heterogeneous ob jective and subjectivé
data of different validities and relevancies that are to be used
as inputs to a future estimate. (See Chapter 7.)

1.5.6 Lgcﬁ of Formalized Methodology

The nevness of the field and the consequent lack of a formalized

methodology is a final reason why the task of estimating the cost of a
military system fs difficult. The cost anslyst must, to such a large
extent, rely on "his own devicesf. This lack of a formalized methcdology
is evidenced in many ways. No text book has ever been writies on the
subject in contrast to the literally hundreds of texts that have been
written fn the older disciplines such as economics, engineering or
accounting or the dozens of books that have been written in guch newer
fields as operstions regearch. 1In fact, exceﬁt for the pioneering RAID
literature, there is almost no "pudblic”" (generally available) literature
on the subject. There is no journal in the field. As far as the writer
knows, no civilisn university gives a cource on the subject. It {s
interesting that even the "Economics of National Security” course given
by the Industrial College of the Armed Forces does not (1962) discuss

the economics of rosting or selecting a military system. Most of those
working in the field were originally trained in a wide variety of other
professional disciplines and they have literally lénrned by doing insof r
as military system costing is concerned. There is one exception. During
recent years RAND, the Air Force Institute of Technology, and Ohio State |

University have trained some Air Force personnel in this field.
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1.6 The Basic Methodological Approach
1.6.1 The Scientific Method

The importance of reliable cost estimating to the military decision
saker and ﬁhc difficulties associated with accomplishing it hgve been
outlined lin the previous sections. This section will set forth the basic
prmit upon which, in the opinion of the writer, a better costing
methodology must be built.

Simply and most generally stated, the path to progress in'the field
of costing lies in more extensive and intensive application of what is
popularly termed the "scientific method"”. 1In this sense, basic methodology
in system costing must follow th‘e‘exnple set by every other field of
learning for the last several centuries. The amazing progress that has
been realized in other fields of knowledge, such as modern medicine and
scientific wmanagement ~-; to mention two that touch the daily lives of
everyone -~ can be traced to the fact that the scientific method has been
applied 1ncrusing1y to problems in these areas.

Although the scientific method has many characteristics, its most
distinctivel quality is that it substitutes objectively verifiable e iden.o
for authority as a criterion of validity. Operationalily tﬁia means that
the cost analyst must formalize his procedures explicitly so thst his
client or snother anaslyst can independently replicate and verify his step-
by-step methodology from beginning to end.

Alain C. Enthoven has perhsaps best detailcd the characteristics of
this approach in recommending the application of the scientific method to
system analysis problems in general:

Pirst, the method of science is an open, explicit,

verifisble, self-corrvcting process. It combines logic

and empirical evidence. The method and tradition of
17




science require that scientific results be openly arrived
at in such a vay that any other scientist can retrace

the same steps and get the same result. Applying this to
weapon systems and to strategy would require that all
calculations, assumptions, empirical dats, and judgments
be described in the analysis in such a way that they can
be subjectcd to checking, testing, criticism, debate,
discussion, and possible refutation.

The reason why this method of science has historically been so
successful in soling problems in many fields has been generalized by
Jay Forrester as follows:

The rapid strides of professional progress come when the
structure and principles that integrate individual
experiences can be identified and taught explicitly
rather than by indirection and diZfusion. The student
can then inherit an intellectusl legacy from the past
and build his own experiences upward from that level,

rather than having to start over again at the point vhere
his predecessors began.?

Applying !ﬁthoven's and Forrester's reasoning to the field of systea
costing, the scieatific -éthod should help the analyst to achieve greater
success in accurately e:tinnfing the cosis of a'-llitary system in two
specific ways. One is that if an analyst disciplines himself to reach
and support his cost opinions in & manner suéb that his methodology can
be independently replicated by cther observers. he is more likely to
organize his data and conclusions in an internally consistent psttern.
Second, and even more important, the opportunity for feed-back, which is
essentisl to scientific progress in any field, is critically conZingent
upon relatively explicit, formslized procedures. If this analyst and other
observers are to profit both by his mistakes and good insights, it must
be clear as to how he reached his cost conclusions and why.

One of the problems with much of system cost analysis in the past
has been that so much of the modus operandi has been unspecified sven
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vhen overtures at formal documentation have been attempted. Under such
circumstances wvhen the analyst's estimsting procedures are predominantly
implicit, he finds it difficult to axplain, even ex post fgeto, the ressons
for his important decisions. He cancot determine vhy he went wrong because
he had never thought out very carefully why he originally selected the
particular cost estin;ting method that he used.

It must, of course, be realized that the terms objective methodslogy
vs. subjective methodology reference an idealized dichotomy. In [ractice
no methodology is ever likely to be wholly objective or subjective.
However, the terms are useful in distinguishing the direction in which
ve gre to move. In this sense the goal should be to impart more science
and system to cost estimating and analysis rather than let3, to meke the
undezrtaking more of a science and less of an art.

One finsl note. The desire to make the methodology of system cost
anglysis more acientific does not mean that reliance on judgment and
expert opinion will be abendoned. Quite the contrary, in Chspter 7 it
will be argued that increasing provision must be msde to incoiporate
expert opinions ss data inputs into the estimating procedure because such
opinions are often more relevant than available hiltoricil dsta to a new
systen being costed. that is does mean is that judgment must be injected
into the estimating, analysis, and decision processes in an explicit and
deliberate fashion and not used indiscriminately as a cloak to camoflauge

soft areas in dats or evaluation.
1.6.2 Stress on Generai Method
It is a truism to state that no two systems are slike in configuration

and operation or to state that significant differences also exist among
. .
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certain broad classes of systems. For instance, certain electronic
(commend and control) systems differ from weapon systems in that the forwmer
tend to be one unit systems (like a headquarters commend pbst), rather then
mEny units systems (hundfeds of B~52 airplanes). Coanandxand control
systems also tend to evolve from former systems rather ;hnn to meke a
complete departure from former systems as new weipon systems sometimesg do.
Th. se design end functional differences also have certain implications for
costing methodology such as the selection of criteria for distinguishing
development from investment costs.

However, in most major respects comparsble problems are confronted
and comparable approeches should be taken whether the project is to cost
one type of electronic system or another, an electronic system or a weapon
system; an Air Force system or an Aray  Navy or NASA system; a military
tyltei or a large unique civilian project such ;s the building of an tnpir;
State Building, a New York World's Fair, a "Cleopatra"-type motion picture,
or a major n?w industry in equatorial Aifrica.

From the point of developing‘n ;ystenntized mcethodolagy, this com-
parability of methodological problems and taiks has a real advantage in
the possibilities it poses for a pooling of knowledge. Techniques that
improve cost estimating and analysis methods for one type sfste- will
almost, per force, improve the state of the art forbeatinnting and analyzing
costs for other type systems.

The methodological analogy extends even further. As will be apparent
from the discussion of later chapters, the methodological problems (both con-
ceptual and empirical) that plague the system cost analyst are very similar
to‘thoce that confront specialists in other disciplines such as economics
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in general, msnagement science, sociology, psychology, operations research,
menagerial accounting, and even phtlosophy. Once again, this commonslity
of problems offere s fruitful opportunity fér benefit from s study of the
anihodologics of kindred disciplines.
Proceeding from the premises set forth above, this paper will seek

to identify and make explicit the separate but related tasks that an
anslyst has to perform and the types of decisions he has to -nke in costing
gny military or space system. In the process this paper will seek to
pinpoint methodological pay-off asks, {.e., tasks whose effective
accompl ishment have.najor fmport in deriving an accurate and useful syaten.
cost estimate. Illustrative of these tasks are the following:

. a. What 3hould an analyst learn about the system he is to cost and

his client's intended use of the estimate before he beginas costing?

b. What criteria should he use to determine the allocation of hisg

limited time to different phases of the costing effort?

c. What types of activities and resources does he cost, and in what
detail?

d. What types of data does he admit as inputs in order to cost the
activities and resources identified in c. above, and vhere does

be obtain these data?

e. How does he evalusate and synthesize his data inputs to arrive at

his element-by-element cost estimates?

f. How does he structure his separate element costs into a total

system cost and how does he present thig estimate in the xost

meaningful and u: :ful format to his client?
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1.7 Summary

The purpose of this document is to delineate the major steps involved

in costing a military system.
When properly used, a cost estimate can assist the military planner
in selecting his systems so as to maximize the total effectiveness of his

military forces. .

Cost is important as one of the decision-making criteria'to the
lilitary planner because total resources are in short supply; hence an
overcormitment or an unwise commitment of resources in one program |
‘automatically reduces rescurces available to other programs without
commensurate benefit and thereby weakens the total military strength of
the nation. |

It is important that military system costs be estimated relitbiy
because, if cost is used as a decisfon criterion, a wrong cost estimgte
can lead to a wrong system decision with consequent reduced total military
effectiveness and severe economic dillocatibns.

It is ¢ifficult to estimate the costs of a military system accurately
p

. |§v‘ -
because the accuracy of these estimates depend upon correctly determining

] »

the highly unpredﬁctable system configuration, because these systems are
|
becoming increasingly complex, because necessary data are sparse and of

questionable quality, because difficult conceptual problems must often
be resolved, and because the lack of a formalized methodology obliges the
estimator to devise many of his procedures on an ad hoc basis.

Despite the obvious design and functional differences among systems,
there are certain basic tasks involved in costing all systems. This
document aims to identify these tasks and to provide some inkling as to
how they may be performed. 2

i
f
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1 Primary credit for this new outlook on the role of the cost estimate
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(currently Assistant Secretary of Defense, Comptroller), Roland McKean,
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System Analysis), David Novick, etc. Secretary of Defense, Robert §.
Mclamara has, of course, reorganized the management of the entire
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CHAPTER 2

ASCERTAINING THE PURPOSE OF THE ESTIMATE

2.1 A Eit Of Tools

The cost anslyst's first responsibilicy is to ascertain as specifically
as possible how his client intends to use the cost estimate he has requested.
This is important because the purpose of the estimate can importantly
influence the methods used to estimate a system's cost. In effect, this
is io iay that system cost methodology consists of a iit'of tools, rather
than a single standard set of procedures, and that this methodnlogy musr
be varied selectively to fit the intended applicatiqn.

.Before éxanining the specific manner in wvhich the intended application
of a cost estimate can influence the methods used to derive the estinntg,
it is pertinent to discuss briefly in a general way the terms "client” and
"applications™.

2.2 Costing Applications

Relative to abplications, cost estimates are desired for many purposes.
There is, however, no exhaustive, mutually exclusive, well-defined,
authoritative, centrally available cataloguing of the types of such applications.

Some of the applications referenced in the literature are: programming,

‘funding, budgeting, contracting, pricing, financial management, forecasting,

coqparative analysis, system design and analysis, etc. Among the uses of
cost estimates on the above lis: and among the uses not identified above,
there is considergble overlap. In this area, as in many other fields,
different terms have similar meanings to different people.

However, from the point of view of methodology, there are basically

two types of estimates, although in practice there are many variants of
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these two types. The first type of estimate 1s o planning type estimate
and is intended as an input to s system mlyui study. This type of
estimgte is intended as & tool to help the decision maker reach a cost/
effectiveness choice awong alternstive systems for satisfying s specified
requirement. The second type of estimate is a funding type estimste that
aims to provide a besis for soliciting funds to implement a specific design
or acquisition program.
2.3 Cost Clients

Relative to clients, many organizations and msny echelons of authority
vithin given organizations seek cost estimates. Usually the cost estimate
is one segment of a broader system study or program proposal and, fin effect,
the cost mlyst normally has seversl levels of clients for s given
estint;. Since the study or proposal of which the cost estimate is an
integral psrt usually must be approved by several or many echelons of
authority before it is acted upon, the cost analyst actuslly has both
immediate and ultimate clients for a given estimate. '

Organizaticnslily speaking, many agencies, pudlic and private, are
engaged in msking and reviewing military system cost estimates. On the
highest level of the government, the Bureau of the Budget, the Cohgruc,
and in some cases the Ptesideﬁt.hi-self.reviev Departnent of Defense
progcams and propused expenditures and weigh the advantages of specific
Defense Department programs vs other type programs as a means of promoting
the national wvelfare. On a top military level the Department of Defense
revieus and monitors the estimgtes prepared by the three Services. Within
each Service higher echelons review and monitor the estimates generated

at lover echelons. For instance, AFSC and Headquarters USAF approve the

estimates submitted by each of the AFSC Divisions, e.g.,(ESD, ASD, BSD, & SSD)
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and prepared by various orgenizstionsl units within these Divisions.
Additionally, industrial contractor normally include cost estimates with
the various system prcposals, both solicited and unsolicited, that they

sudbmit to the military services. Finally, technical support organizations

' gte cost estimates in thel{r system analysis work in ascertaining the

cost/effectiveness trade-offs of various system alternatives.

Since the way that a cost estimate is used csn vary as it is trans-

mitted through different chanmnels, a problem confronting the cost analyst

18 how to formulate and present his findings so that they will be ptopetly

interpreted by his immediate, intermediate, and ultimate clients. Another

problem is that the cost analyst does not always know for sure who his

| ultimate clients are or specifically how they will use his findings.

Chepter 9,dealing with presentation and documentation will offer some
guidance on these matters. Additionaliy, the balance of this chapter will
be devoted to explaining some of the methodological differences that epply
vhen making estimates for the several different purposes.
2.4 Costing Concepts

Among the most important differences between a planning and funding
type cost estimate is that they are based on importantly different concepts
of cost. The funding type estimace measures the amount cf money, the |
number of dollers, that will be requirod to implement a particular progra=
or a system. It represents vhat methodologists call a "cash flow" concept.

.On the other hand, planning type cost estimates are based on what
methodologists call a "value flow" concept. Several writers also have
described this concept as an "alternative u.e value cost”. Thus, G. H.

Fisher has stated that "... the cost of obtaining a certain objective at
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some point in time is measured by the resources that gre not svailable

for use in attaining glternstive objectives becsuse these resources are

1

committed to the chosen obje’cttvc." Similarly, W. A. Niskanen, Jr. has

stated that "tho‘ cost of a vaspon system is the mesasure of the resources
committed to that system at their relative value in other mu."z In
pnctfcc vhat this frequently means is that a planning type estimate,in
addition to relevant money c?sts.vnl also include cost generated by a

|
program that are not directly or immediately reflected in money costs.

|
Yor example, this concept of cost would include the "opportunity costs™ of

ﬁ'u a valuable, multi-use erited asset in oné employment rather than

|
. 1
another. It would also take

b
!
1

account o.f the "inputed cost™ represented by
. reduced effectiveness in n; original system A that may result from the
introduction of & new system B in wvhich B shares with A the services of
certain joint-use type assets. Chapter 8 will discuss in more detail the
problems involved in handling such opportunity and inputed costs.
2.5 Scope Of Activities To Be Costed

One of the valuable contributions of BAND costing methodology has
béen the total activity concept. This concept states that all of a system's
co;t- both direct and indirect from "the cradle to the.grave", fr-a initial
concept to fingl terminstion, should be tsken into consideration in pre-
paring an estimate. Practmily all syistem cost snalysts now subscribe to
this principle and the Department of Defense Programming procédures
prescribe that the costs of al‘l program elements (systems) ire to include
and itemize the RDT&E (leturc‘éh, Development, Test, and Bvaluation), Initial
Investment, and Operations Costs covering a five-year period. Although

this total activity principle In its general statement is quite valid, {t

is liworunt to note how the ﬁurpou of the estimgte may sometimes justify
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including something less than the "total" costs of a system in an estimate.

It was mentioned in 2.4 above that funding estimates are cash flow
estimates and by definition e:ciude opportunity, inputed, and other non-
;llh costs. In this sense a funding estimate would be narfouer in scope
than a planning type estimate covering the same system altemative.

On the other hand, a planning type estimate may sometimes properly
omit whole areas of cost that would hnye to be included in a funding
estimgte. Since the objective in a planning estimate is to select the
preferred among several system alternatives, certain masjor and minor areas
of cost may be identical for each of the alternatives. Since these cost
sreas have a neutral impact, they may for purposes of intra-systeas
analysis be omitted without violating the purpose of the estimate -- to
make a choice among alternatives. BEspecially, vhen the problem is to
optimize some detail design within the context of a particular subsystem,
the analysis can profitably stress the elements for vhich the cost impact
differs from slternastive to alternative. However, it would be s seriocus
mistake to use this partial intta-systén, planqing type estimate for
funding purpoues. It would also be a mistake to submit this partial, intra-
system, planning type estimate to higher headquarters for a planning type,
cost/effectiveness compariscn with other system proposals submitted by
other echelons.

Thus, partial-type, narrow scope funding estimates are likely to omit
certain costs properly included in a pianning type estimate whereas partial-
type, narrov scope planning type estimates are likely to omit costs

properly included in a funding estimate.




2.6 Precision Level

As a general principle, it is desirable to minimize error in any type
estinste since such errors almost alwy; necegsitate scme revisions in
approved programs. However, the client's intended use of the cost estimate
can influence how important it is to be precise in deriving the total coet
estimate or in estimating particular cost elements.

Frequently, it has been stated that a cdst estimate oriented to
support a funding rcqucot reqnires greater precision than one oriented
toward meking an sdvanced p'lamina choice among seversl system alternatives.
The primsry rationale for this statement is that the immediate consequences
of an error, especially an underestimate, are much greater in the case of
a funding estimate. A sericus underestimste in a funding estimate can
csuse a relatively esrly crisis in the affected prograa and lead to a
cancellation or serious retrenchment either in that prograa,or in other
progrm‘ if funds are divefted from them to make up the shortage in the
referenced program. As indicated in Chapter 1, this condi%‘ion not only
rescts unfavorably on the nation's 1-edhte military poltninLe, dut also
vitally affects the welfare of major indvstries, cmiti!: s, and thousands
of individual citizens. ‘ , !

Normally, an err:o.t of equsl msgnitude in an estimate calculated solely
to facilitate a planning choice smong several slternatives will bave less
serious repercussions. When the nsture of the error is such that it sffects
each of the alternstives rimilarly, the error will not affect the relative
preference ranking of the alternatives That is, if the decision at hand

is to mgke a definite choice among several specified glternatives, an

underest imate of, say, $10,000,000 in the RDTSE costs of esch of the

alternatives would not swing the choice from one aiternative to another.
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It might, of course, affect the preference ranking of these alternatives
relative to other alternatives not subjcct to this error.

Moreover, the indirect consequences of an error in planntng-type.
estimates are normally less serious than in funding-oriented estimates.
Since plamning-type estimates normelly go through several stages of review
snd reconsideration before heavy ccomitments to purchase equipment and
facilities a&c made, an initial decision favoring s system can be revoked

_with fewer reverberstions tﬁroughout both the military and civilian
economies. Por instsnce, if later information reveals an equivalent under-
estimate of $10,000,000 in the cost of each of several planning-stage

'alternntives, still other less costly alternatives can be developed and
considered, including the poslibility to undertake no new system in that
particular mission arcs.

Finally, in the case of funding type estimates administrative-legal-
political constraints may dictate that the anslyst seek greater precision
in certain cost elements than in others. Congress autkorizes funds to
the military services by certain classifications and sometimes some types
of funds will be in tighter supply than otherz. In such circumstances
the consequences of a cost error in underest imate) in a tight-money suppiy
category can be more ae:iouk-g?aflgl would in other cost elements of equal
magnitude. One practical probi;n in taking account of this condition is
that the cost analyst is often poorly informed relative to these differential
funding constraints.

2.7 Consistency

2.7.1 Generxsl

The purpose of the estimate also influences the extent to which the
cost analyst must be concerned with "consistency” in his methodology.

Of course, considering consistency in a generic sense, i.e., "a uniformity
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of practice” and "a hamony of parts,” both funding and planning estimates
are concerned with consistency. Ccnsistency in this basic sense can be
taken to mean:

a. it is desirable to define the elements of a cost szstimate in a
discrete and mutually exclusive manner, i.e. it is normslly not
desirsble to include maintenance labor under "personnellco:ta”
for one subsystem and under "equipment maintenance” costs for
another subsystem.

b. it Zs desiradble in any kind of a cost estimate to be consistent
in the elii-.ting relationships used to calculate like items of
costs, such as military manpower, from o;e subsystem to another.

c. it is desirable to be consistent in the sense éf following
prescribed regulations or estgblished practice, such es the
procedures and ground rules followed in costing intermediate
support or lojistics services, as one proceeds from one costing
project to another.

d. it is normally desirable to be consistent or uniform in bookkeeping
P .-cedures, such as in rounding off decimal places, for the cost
estimgtes of different elements within a given system estimate.

Consistency in all of these senses apply 2like to both planning and
fﬁnding type estimates.

However, planning estimates more so than funding estimates are
concerned with inter-system consistency in the sense of freedom from bias.
This arises from the fact that planning estimates are an input to a
cocparative study of different system alternatives for meeting a given

performance requirement, and there are numerous subtle ways in which such

comparisons can be prejudiced.
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The 1nportant.crltev;on in cvoiding bias in comparative analysis is
to.sttivc for consiitency of lmpact'on totsl system cost rather than
marely conuiotcn;y of procedure. thi; distinction io'inportant because
consister:y (unifomitj) of procedure can sometimes lead to inconsistency
1§ impact in the following ways. |

2.7.2 Rxcluded Costs

It w== zeutioned in Section 2.5 that it s sometimes legitimate in
planning type estimstes to mske comparative, partial cost estimates, to
exclude certain identical neutral elements from all system alternatives
being compared. However, to do go legitimately, it is necessary to
determine that the excluded item(s) hss (have) eaual cost impact on all
alternatives. For instance, it would not be legitimate to exclude all
personnel costs from each of two system alternatives if one system vere a
manual system using many personnel and the other an automated system
using ;e; personnel.

2.7.3 Non-Monetary Costs

Similarity, in the treatment of indirect, non-monetary costs, it would
not be legitimate to cost all inherited assets as free to all system
alternatives 1if some alternatives woulﬁ use few or no 1nher1ted.assets and
other alternatives would drav hesvily on valuasble, multi-use inherited

assets.

2.7.4 Element Accuracy

It was stated in Section 2.6 that precigfon and accuracy are less
important to a p;gnning estimate than to a funding estimat2., While true,
this proposition must be qualified in terms of a consistency of impact
criterion. This applies, for instance, to the accuracy of the cost

estimating relationships used to calculate a cost element. If one system
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alternative involves very little overseas travel. and a second alternative
involves considersble overseas travel, it would certainly not be iraterisl
wvhether we used a correct fator of $700 per man transported or an incorrect
factor of $70 or §7,000 per man transported.

2.7.5 [Procedurgl Consistency

Somet imes an anslyst must resort to different methods for calculating
s certain cost element in different system alternatives. This may sometimes
occur in advanced planning studies when relatively incomplete information
is available on the alternative ﬁerfﬁrmance and design characteristics.
Or sometimes the analyst msy be asked to review for consistency and general
validity the cost estimates covering systeﬁ alternstives prepared by
several different organizations that employed different methods for
calculating s given type of cost. Thus, (1) in one case computer pro-
gramming costs may have been calculated as $X per instruction for the
program being established, (2) in a second case as YX of the data processing
mission equipment coste, (3) in a third case as $Z per programmer employed
per year. The consistency cfiterion would require that the analyst
determine that differences or similarities in the final dollar estimates
of computer prograusing costs in the three instances could be traced to
differences in the actual resource requirements for computer programming

and not to peculisrities of the different procedures used to estimate the

cost in each instance.

2.8 Sophistication of Techaique

The purpose for which the estimate is to be used and the attendant
constraints that impinge on the anslyst may also influence the relative
sophistication in cost methodology that is spproprigte. Two examples will

be cited.
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2.8.1 Msnnsl vs. Automated Methods

The purpose and type of estinate?requlred may influence the choice
of manual vs. automated methods for processing the cost inputs, performing
the mathesstical computations, ard printing out the results of the study.
When the client rejuires a cost comparison of anumercus alternatives, such
a8 in a plesnning type, cost sensitivity study, certain typcs of computer
oriented cost models (RAND, MITRE, Research Analysis Corporation) can greatly
reduce the time required to make the %stimaie. This is most likely to be
true when the cost results are to be %eported in terms of a relatively
detailed, ;tandardlzed set of cost ca#egories and elements.

On th||other hand, when only a single configﬁtntion is to be costed --.
as is nornilly the case with a funding estimate -- a manual ccsting may be
faster. This is most likely to be tr&e wvhen the total costs of the single
eonfi;uration are to be subdivided 1n£o 2 relatively small number of cost
clencntg, and this cost structure differs substantially from the standardized

3

cost structure reflected in the cost model.

2.8.2 (Handling Uncertainty

Another way in which the client'g purpose can influence the relative
lophicticapion of costing technique employed concerns the way uncertainty
is handledl; Many times the client desires the cost results expressed as a
single-valued estimate. For instance, funding requesfs to Congress must
be stated as & specific sum of money. ' In such cases uncertainty is either
ignored or is handled simply, e.g., an allowance for contingencies may be
included as one of the cost elements tﬁat comprise the toutal cost estimate.

On the other hand, when the clhenL's purpose is.to make a choice
among several slternatives, he may vish to give more detailed consfderation
to the variscus degrees of vncertainty jutrounding the estimated costs of

each of the alternatives. The personal desires of the client end hi-
34
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""intended use of the cost results will determine the recommended degres of
sophistication in the technique used to calculate and «xpress this
uncertainty. If only s rough estimste of this uncertainty is needed, the
analyst mey state that his best estimate is that the system will cost
$50,000,000 and that he balieves there is only one chance in ten that the
system will cost less then $35,000,000 or more then $75,000,000.

However, if the client desizes fuller, much, more accurate knowledge
' rclittvc to uncertainty, the analyst mey resort to tclatlvdy sophisticated,
computer oricnt«i, statistical methods to convert the uncertainty for esch
separate cost element into an explicit measure of uncertainty in the total
cost ughatc. The output of this ulculation'-ight take the form of a

complete probability distribution of estimated coot..‘

2.9 Summary

Bven though similar tasks confront the analyst whatever ths type of
system he is coeting, his approech to tisese tasks should vlary with the
purpose of the estimate.

Although there are many specific applicstions of cost estimates,
methodologically speaking, there are two basic types. The first type, a
planning estimaste, is intended as an input to a system analysis lcudybcnd
is intended as a tool to help the decision maker mske & cost/effectiveness
choice among system alternatives for satisfying s specified requirement.
The second type, a funding estimate, aims to provide g basis for soliciting
funds to implement a specific design or acquisition progrsm.

The methodology for accomplishing these two basic types of estimates
differs in the following ways: '

a. The most important difference is in the concept of cost amployed.

A funding type estimate employs a "cash flow" concept and aims to
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measure the number of dollars required to icplement a program or
system. A planning type estimate uses a "value flow" concept

that costs the resources of a system at their "alternative use”

value, i.e. the estimated value of a system's resources if they

were used in other systems.

The scope of costs covered is another important difference.
Although either a planning or funding type estimate ma:, under
certain citcunstances.legitinntel} include only partial, rather
than total, system costs, the excluded costs in the two cases
are unlikely to be the same.

Although it is desirable to minimize error in any type estimate,

the requirements for accuracy are nofnally greater in a funding

" type estimate because an error in a funding estimate is likely to

require greater readj.stments In other military progrems and the

civilian economy.

Consistency is aiao a desirable cﬁatacteriltic in all esttnaﬁes;
however, it is harder to achieve consistency in planning typg}
estimates. It is important to realize that g uniformity or #%n-
sistency in procedure does not, per se. insure coasistency in Lhe
iupnct on total systea costs vhicﬁ is the important consistency
criterion.

The purpose of the estimate also influences the relative sophisti-
cation of technique that is appropriate. For instance, planning
type estimates normally can use to greater advantage complicated
procedures for converting cost inputs into outputs via computer

automated cost models and more sophisticated techniques for

assessing and communicating uncertainty relative to the cost estimate.
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CHAPTER 3

DESCRIBING THE SYSTEM

3.1 The Historical Record

A second critical task in costing a military system is that the
analyst must pin-point, as clearly as he can, what it is that he is to
cost, This statement is such a common sense truism and 1t has been re-
peated so often, that it represents almost a nlatitude to restate it here.
And yet, it is precisely in this area of definir; what might be called
the non-financial inputs to n‘cos: estimate thatbcost analysts have
historically made their gravest errors., Although similar studies have
been made by several organizations, a series of studies over a number
of years by RAND economists have repeatedly showm that erroneous non-
financial inputs have dwarfed in importance errors due to faulty cost
estimating relationships and prbcédures.l

Perhaps it would be more precise to say that most serious errors
in advanced system cost estimates in the past have been due to the fact
that the system configuration changed substantially from the time the
cost estimete was initially prepared to the time the system became
operutional, and not because the cost analyst wrongly priced the resources
that constifuted the initial design of the system, Clearly, if there is
any single aspect of costing . military system that presents a msjor
potential pay-off task, it is in new and better ways to define what is to
be costed,

Before considering how this might be done, {> might be relevant to
speculate whether some of the giuveser errors in anticipating a system's
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configuration might be due less to technological miscalculations than they
are to sementic considerations. Perhaps it would sometimes be more
realistic to change the system designation nomenclature attached to =ajor
changes in 8 program than to regard wvhat is essentially a nev program |
l-rcly as & realignment or modification of an earlier, "primitive™ concept.

Conceivably s cost methodologist could conclude from the BRAND
historical findings deul:ti.bed above that the errér-!u-oystu—coct-éntiﬁuc
is not his problem; rather that it is the job of those responsible for
setting the system requirement #nd for translating this requiriunt into
a design to do a bettar job than they have in the past. For two reasons
this outlook would not be very helpful, If the cost analyst is to
produce more accurate cost estim‘ten, he must be concerned with exogesnous
as well as endogenous factors bearing on his estimate. Second and more
important, in many cisep the cost analyst is a member of a
system analysis tesm and shares responsibility for working up the con-
figuration or design of a system, and, as will be discussed in Chapter 10,
in some cases presently and in more cases potentially he can even influence
the cllent'; objectives. lcl;ze, it is quite within the cost methodologist
realm of responsibility to inquire what can be done to more accurately
foresee in the early stages of s s gte-'- development the nature of its
design in the later stages.
3.2 Sources of Error

There are at least four basic sources of potential error in the non-

cost inputs to s cost estimate.
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3.2,1 The Threat Analysis

An error in the assessment of the enemy threat is the first step in
a complicated chain that can ultimately lead to an erroneous advanced
system cost estimate., Thus, it might be assumed that air-breathing
aircraft constitute the only threat that the United States faces from
Country A in a designated time period. Subsequent analysis may determine
that the United States faces both an aircraft and missile threat from
Country A in the period indicated.

3.2.2 The General Mission Requirement

Asguming a certain threat, a miscalculation in the nature of the _
U. S. military capability needed to cope with this threat can slso
ultimately leed to a cost estimating error. Thus, it may initially
have been assumed that to carty out a designated offensive migsion it
would suffice to have X% of United States aircraft continually airborne,
Subsequent analysis may disclose that 2X7 is a better figure.

3.2.3 Specific Performance Capabilities

Third, even if the threat and the general mission requirement have
both been correctly assessed, a cost estimating error can arise from a
miscalculation in the specific performance requiremnt needed to fulfill
the misgsion requirement, J¥or instance, it may have been estimated
inttially that to fulfill a designated defense mission, a 15-minute
varning time would suffice., Later study may, however, reveal that to
carry out this mission, a 20—-inute wvarning time is required., Or it
w8y have been initially caiculated that a coemand post hardened to 200
p.s. i, would provide adequate protection sgainst a designated type of
enemy threat., Llater study msy, “owever, increase this figure to 400 p.s.i.
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3.2,4 Desiyn-Resource Translation
Fourth, even when the threat, the general mission requirement, nd
each of the specific performance cspabilities needed to fulfill this
requiremsnt have been correctly estimated, errors may be msde in determining
the design iopiication of achieving these capabilities. In other words,
it is easy to err in determining the types and quantities of resources
that will be needed to achieve a designated performance level, Sometimes
this is described as configuration uncertainty where "configuration”
refers not only to the physical design of .the systea, but !‘llso‘ to a
description of how, vhere, and under what conditions -he system will be
used, i e., the employment and deployment plans. |
Illustrative of the types of configuration error that.-y develop
are the following:
a. It say initially have been estimated chat a single unit
of a state-of-the-art computer could perform the data
i:roceuing necessary to provide a 15-minute ﬁrt‘:ing
tim.- Later study may, however, reveal that it ’re-
quires three units of a beyond-the-state-of-the-art
computer - each involving added RDT&E, Iavestment and
Operating costs - to provide the 15-minute warning time.
b. It mey initially have been estimsted that 100 military
pr@l sfter three months training at a average cost
of $3,000 per man would be needed to adequately staff a
designated installation. Later study may disclose,
however, that it requires 200 personnel, after six months
training at sn sverage coat of $6,000 per man, to staff

such installation,
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c. It is not uncommon for an advanced design to completely
~ overlook certain isportant tesourcei needed to attain a
designated performance capabilit?. For instance, in a
communication system it might be overlooked that some
military bases would be far enough apart to require the
system to have repeater stafions. '
3.2.5 Cost Estimating Error
In contrast to the foregoing three sources of error in non-financial
fpputs to a cost estimnfe would be an error in a financial input., For
instance, in illustration b, cited above, it uoéld constitute
a cost estimating error if a later estimate Had revised the cost
of a three-month training program from $3,000 to $4,000 per man.

3.3 Understanding The System Acquisition Process

3.3.1 A Generalist's Knowledge

There is no quick and easy path to learning how to forecast in the
early stages of a s}sten project what the final configuration of the
system will be. There are, however, both immediate and long-term steps
that a cost analyst can take to improve his ability to define the system
he is to cost,

The wisdom, long run, for the costvanalyst to improve his knowledge
of the total system acquisition process, is indisputable. Just 22 business
firms have found that a top executive's atility to detect, diagnose, and
solve practical business problems depends importantly on his appreciation
and understanding of the broad econcmic and institutional environment in
vhich the firm cperaces, siailarly a coest analyst'i ability to define

accurately the system he is to cost is likely to be ernhanced by a thorough
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knowledge of the administrative-technical mechenics of the aystem
acquisition process., 1f the cost analyst has acquired a good under-
standing both conceptually and historically as to what goes on as a
system moves from a concept to ar operating reality, he should ba able
. to identify more readily the specific areas in his own study in which
early conceptions are likely to change, and what are likely to be the
resource implications of these changes.

3.3.2 The Institutional Process

A thorough knowledge of the institutional process through which
major military systems are conceived, developed, and introduced is a
first requirement., For instance, the cost analyst should be fuiliar‘
.with the mechanics of the Department of Defense programming system and
the system management regulations of the individual military services
such as the Air Porce "375" series. These regulations are supplemented
by a growing unofficial literature that provid@s a valuable conceptual
background on this :otal process.z

3.3.3 System Design Methodology

Many methodological (normative) studies dealing with the system de-
sign process have also been published, These studies generally seek to
crystalize the u?ential tasks in developing any system, and to point
the way toward an objective spproach for sccomplishing these mh.’

3.3.4 Historical Studies

To supplement an institutional and conceptusl background relative
to the system acquisition process, an analyst should familisrise him-

self with the historical details as to how representative msjor military

systems have developed. Various official and private studies have
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reported and interpreted the histories of certain major systens.‘ Ad-
ditionally, of course, if the analyst can gain acces: to the unpublished
"system”" files of either the military services or individusl contractore
he vill find such useful 1ﬁforuntion to explain how and why npecific
systems' objectives and configurations have changed as they have evolved
fro-'concept to operation.

In this connsction the Program Change Proposai Systgu of the Depart-
ment of Defense should in time provide valuable historical insight into
what happens to change the objectives and configurations of major military
lyléeu'. Through this ECP system the Department of Defense has sought
to systematize the procedures and documentation, including rationale,'
associated with -aking.changes to officially approved military prcgrams.
Access to these files is, of course, officially controlled, but perhaps
eventually DOD will undertake to consolidaté, evaluate, acd publish the
results of its experiences with the PCP a la Peck and Scherer,

3.3.5 Technological Innovation

The development of a modern nxlitiry or space system represents one
of the most complex practical applications of systematized, scientific
imnovation that can be fourd. In recent years a number of interdiscip-
linary studies have sought to probe the general historical and conceptual
facets of the innovation process., Selected portions of this work are |
also relevant to cost analyscs, and to system analysts in general, who
are interested in becoming more adept in foreseeing the eventual con-

figuration of systems while they are still in the conceptual stage.s




3.4 Operating Principles
While he is acquiring a well-rounded background on the total system |

acquisition process thltvvill do more than anything else to improve his
long-run cost estialting abilities, the cost analyst can improve al-
most immediacely his ability to derine more accurately the system he is
to cost. He can do so by following certain basic principles.

3.4.1 Clarifying the Cost Analyst's Responaibilities

All cost analysts do not have the same backgrounds, and the constraints
of the study, including the client's wishes relative to the cost analyst's
responsibilities, are not always the same. Ideally, the cost analyst
should have sufficient background in engineering and related disciplines
so that he is capable of participating as a membexr of the system design
tesm, In practice, thisz may not be the case. Even if he has the nccessary
background, the administrazive ground-rules of the stuCy may preclude him
from being a member of the design team,

Even when he is not s member of the system design team it is impertant
that the cost analys:, his client, and his associates having other disci-
plinary backgrounds, recognize that the mechanics of making a cost estimate
g-operly go beyond a purely cost-accounting piicing of resources. Although
it would certainly be improper and intolerable ror the cost analyst to rely
on his judgment for engineering-scientific type inputs, it is equally
certain that the cost analyst should be persistent in pressing his client
and associates relsative to the validity of these inputs and che specific

characteristics of the system he is to cost,
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3 4 2 Pinpointing the Svste~ - ¢ a%ion

Operationally this means that the cost analyst, if he is not a
member of the design team, shouid engage in a type of "20 questions”
procedure. At the onset of a study he is usually apt to suffer from
serious uncertainty surrounding the general statement of the requirement
and also from the fact that the requirement has not been translated iAto
the performance specifications and the design configufation necessary to
meet it, It is incumbent on the cost analyst not only to press his
client for greater and greater clarification of the generallstatement
of the requirement, but, equally important, to insist that this require-
ment be translated into tne performance specifications and désign con-
figuration - including an identification of the types and quantities of
assets and services needed to meet the requirement,6 If he is a
member of the system design team, he is, of coursé, in a better
pisition to see that these conditions are met.

The importance and value of this translation can hardly be over-
estimated. The responsibility of the cust analyst is to determine the
resource costs of attaining a future capability; however, a performance
requirement, itself, does not directly generate a tesourﬁe cost, It is
strictly through the medium of a design or configuration that the per-
formance requirement can be translated into a meaningful statement of
resource needs, This is true because almosf‘always there are numerous,
somptimes almost innumerable, iesign alternatives for achieving a
designated performance requirement, and each of these design alternatives
has its own differing resource implications, Any statement or equation
vhich depicts a specific relati nship between pérformance and costs must
‘either explicity postulate certain design assumptions or implicitly assume

them,




Of course, both the time constraints and the nebulous nature of the
system that he is trying té cost, will frequently oblige the cost analyst
to settle for 2 less precise definition and translation of the require-
ment than he would like. This is likely to be especially true when the
requirement he is costing implies an advance in the technological state-
of-the-art. However, it is important that both the inalyst and his client
be fully aware that in settling feor a nebulous and incomplete statement
and resource translation of the reﬁuirement that they are, perforce,
increasing the range of uncertainty and the likelihood that the estimate
may be seriously wrong.

. 3.4.3 Configuring Technological Improvements

A third principle is an outgrowth of the second and is directed
toward defining and costing system elements involving technological
advances beyond the current state-of-the-art. Frequently, serious

errors are committed in defining and costing such developments largely

because the approach to their definition and costing is so largel%

intuitive. w

‘Admittedly, it will never be possible to make the process of defin-
ing and costing new developments as explicit as is the process of costing
elements entirely within the state-of-the-art. However, the process of
defining and costing new developments can be made much more systematic
and the area of uncertainty surrounding such deveiopnents can be both
grestly reduced, and made more explicit, if it is realized that nc new
requirement, however novel, represents a complete departure from everything
that has gone before. Innovation generally consists of small increments
of improvement, and usually represents new coubinaﬁions of established

capebilities. One leading authority has suggested a rough rule o# thumbd




that the typical new capability in the area of component requirements

! 1t should be a major

consists of "“20 per cent new, B0 per cent old "
objective of the ccst analyst, with the nelp of his client, to identify

those des;;u and resource implicstions of a new performance capability

that represent carryovers from the exi;ting state-of-the-art.

Planning fsctors and cosi estimecing relationshipsin the available data
base are critically important in identifying these carrynvers and in translatirs
pafxwarce requirement into a design configuration, and a design configura-
tion into & resource estimate covering the types and guantities of ascets
end gervices necesssry to achieve the performance requirement. In the
firet instance, performance charu...ristics are the independent variables
and design charscteristics the dependent variables, and subsequently,
design characteristics are the ind2pendent variables and resource require-
msnts the dependent variables Sorme of the essential conditions of this
process have been discussed in previous MITRE dOCul!ntls, and additional
- observaetions pertinent to the operationzl characteristics of th‘s pro-
cess will be discussed i{s Chapters 5 and 6

3.4 & Reitersting the System Descriprion

A fourth important principle to be observed in defining the systes
to be costed is that in an sdvanced planning study this definition must
be & continuing job, not & one-shot task to be completed at the beginning
of the study. This necussity for reiterstion in definition stems from
the fact that at the onset of the study the client and the designers
ususlly have only a vague and tluid notion relative to rhe details of
the performance gosls and of the design details necessary to meet thece
gosls In a very real sense th- cost analyst who participates in an
sdvanced plamning study is shooting at & moving target He cannot
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operate effectively in isclation from the sther members of the study
team; it is crucial that he establish close vorking relationships with
the engineering and scientific staff primarily respcnsible for the design
of the sytem., If the final cost estimate is to be a useful input to the
decision meker it must reflect the rcsource implications of the latest
requirerents and design. |

3.4.5 Quick Response and Fiexibility

A fifcth principle fcllcws from thz fourth snd stresses the need for
flexibility and rapid response in estimating procedure. As will be
pointed out in Chapter 5, the limited time available for accomplishing
the cost esti=mte is almost always a constraint, and the analyst should
be able to change quickly the qu!nfitltive and qualitative characteristics
of the systemx he is costing.

Herzin potentislly lies both an advantage and a shortcoming of
certain computerized cost -ﬁdels vhich sechanize the procesi of con-
verting cost inputs into outputs, {.e., into the total system cost
estimete. When a project requires a fairly detiiled shred-out cf costs
into many interdependent elements, a single change in &8 major element -
such as mission equipment - can ramify throughout the entire structure.

If these changes must be reflected through many alternative configurations,
the sheer calculation involved can be prodigious, Under such circumstances,
a computerized estimating procedure can be a great time-saver.

Oa the other hand, if it becomes necessary to reflect qualitative
changes in the computer model - such as 8 change in the elements structure
or in the definition of the elements - it may be relatively time consuming
to do so. Normally, 1t is lesirable to avoid such changes once a cost
study is fully underway, wvhether or not a computerized model is being
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used to process the cost inputs, mske the nec2ssary calculastions, and
print the resu. However, such contingencies do sometimes occur, and
it 1s well for the cost anslyst to keep the need for flexibility in

his ptoccdutés in mind,

3.3 Summery

The message of this section has been comparatively simple His-
toricnliy, by far the most important .eason for poor cost estimates
is that the system -onfiguration changed substantially from the time
the cost cot;nnte vas made to the time the system became opefational.
If future estimates are to be better, the cost ansl;st and those from
vhom he receives his descriptions of the non-cost characteristics of
the system muet dno 3 pore gccurate jbb of defining and translsting ih:
requirement to be costed., The cost analyst must accordingly make thesc
definitions and translatinns early and continuing items on his pro-
cedural lgpﬁdl. 1f he fails to secure them, he d;es s0 at great
foril, snd in so doing, subjects his finil cost estimate to the

poseibility of serious miscalculation




Aithough the objeciive sought can be stated simply, there 1is nefither
a qﬁick nor an easy way of anticipating in the early stages of sn advanced
system study the eventual configuration of the operating system,

However, the cost analyst can do much to improve his long-run
ability to define more accurately the‘sysiem he is to cost, if he strives
ﬁo learn as muct as possible about the system acquisition process; f.e.,
wvhat happens 235 a major milirar - system proceedQ from concept to operation,
This knowledge should be both descriptive and normative and should cover
the historical, legal, administrative-political, conceptual, and
technological aspects of developing a system. An analyst so fortified
with an intimate knowledge of the system acquisition process in each of
the referenced areas, will most certainly be Letter able to identify
the attributes of the system on wﬁich he 1s working that are most likely
to change and thus be better able to anticipare in the early stages of s
system what the eventusl configuration is likely to be.

While he is acquiring this long-run background, there are certain
principies that he can observe in the short run to minimize the chances
that he will commit some of the past ercors of many cost estimdtors.

a. First he should strive for a droad, rather than a

narrow, responsibility on the sy.tem enalysis team.
This means that he should take some responsibility

for the definition of the system he is to cost. In
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practice he shou!d be constructively critical of the
non-cost inputs relative to the perfurmance require-
ments and system contiguration that he receives from
his client, his associates, or that he provides himself.
Second, to the maxim.m extent that time and data

permit, he should seek a translation of the general
requirement into a set of performance specific#tiéns,u
an] a2 translation of these specifications 1nto a

design configuration to include an identification of
the types and quanrities of resources to achieve

these goals,

It will help him immensely in defirning and costing

8 development beyond the state-of-the-art 1f he
recognizes and proieeds on the assumotion that any

new deJ%logaent generall} consi1sts of new combinations
of thns{s that have been done before, His key job

in dething a new de-elopment tnus should be aimed at
identifying these carryovers in subsystems, components,
and activities for which he éan find performance,
design, and cost-estimating/reiationsnips in the general
data base.

In an advarced system study it is particularly important
to recognize that the task of detining the system is s
continuing one, not a cne-shot undertaking to be completed

at the beginning of a study

52




Because of tne evoiving character of the system,
cost estimating procedures and formats should be
flexible in the sense that new inputs, financiai
ard non-financial, can be admitted without

complication or serious loss of time,
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CHAPTER &

SELECTING COST CLASSIFICATIONS

4.1 The Cost Structure

Webster 1ists nine or ten definitions .f the word "structure”. Some
of these are specialized to particular fi-ids of science such as geology,
chemistry, psychelogy, etc. However. ss used in this docuwent, the term
structure is employed in a rather generic sense as fan arrangement »>f
parts that furnishes some insight relative to the functional inter-
relationships awmong th?;e perts”  Thus, a cost structure is an arrangement,
a classification or a subdivision of the ﬁonstituent types of costs in a
total cost estimate that furnishes some insight concerning the relaticn-

ships of these costs to each other and to the t ‘tal system cost.

4 2 The Importance Of Pioper [laaniiipation

It is important to discuss the subject of c.at classification in a

methodological treatise, such a3 this, for et teast thiyy reasons:

a In most actusl costing projects . nsrdriable € yire ts spent and
often controversy generated relalive to the preferred classification
scheme.

b A substantial portion of the total literature labeled system cost
methbodology is concerned with cost classificatiorn schemes and
with principles relevant to making such classifications.

¢. The way that costs are classified can either help or hinder the
analysis and decision-making processes. Whereas one classificaticn
scheme will shed light on important cause-effect relations ips.

inother will obscure thi~se relationships.
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4.3 Cost Formats

A total system cost estimate can be structured in many differen£
wvays. However, for the purposes of this Adocument it is useful to distinguish
betveen two basic types of cost structures. One {s an input format that
is intended to facilitate tﬁe collection of relevant data to -ike the
estimate. A second type is an output format that {is intended to facilitate
the presentation of the findings of the cost study.

, With a few notable exceptions, comparatively little time has gone
into developing input formats. Most attention has beén paid to sper‘fying
desired Jsutput formats (réport:), vith the question of the format uncer
vhich the data will be collected left to thg discretion of the feporting
office.

In some cases an analyst may, depending upon the type of data
available, use the sgme format to collect his dats and to report his
findings.

In other cases, the input format may be drafted in ¢ »nsonance with
the classification scheme of a fcrmal departmental data bant. and as a part
of a sophisticated cost model. MITRE has such a program; the objective of
a cost input format developed in connection with its electronic system cost
model is to provide a relatively detailed, carefully cross-classified
scheme whereby it is possible to derive several different output formats
from this one input format.

4.4 Criteria For Classifying Costs

The selection of a cost structure, particularly an output format,
ffequcntly results in & highlijhting of one type of cost as opposed to
sonme other. Thﬁ., if one type of cost is shown on s first-level, major

element status, another element may hsve to be shown on a lower level,
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sub-element basis in whictk it may lose its individral identity. Although
sometimes no set of criteria can resolve definitively which is the

preferred of several classification schemes, on other occasions a number

‘of criteria can be invoked to irdicate a prefeircd choice. 1llustrative

of these criteria are tre following.

4.4.1 Relative Magnitude

A classification structure should normally highlight the quantitativcly
largest elements and relegate the smaller elements to 1esscr status. This
criterion is based on the premise that cost categorization should help the
analyst and his client to learn as much as pnssible.about the detailed
make;up and behavior of the individual costs that are most relevant to
determining the ﬁngnitude of total costs. Expressed differently,
categerization rhould be a culling device that differentiltes the signifi-
cant from tne insignificant. Accordingly, two or ‘more large cost items
should not lose their separate identities bty being consolidated under a
single element, and very small cost items should not be reported on an
equal element ..atus with nery large items.

The following example illustrates this criterion:

Cstegorization [ Categorization I
Cost Item % of Total Cost " Cost Item %L of Total Cost

A 20 A 20

B 70 Bl 25

c b lz 30

D 3 33 15

B 2 C,D, B 10

100 100
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In this example, Categorlzation IT by separately identifying the three
largest components of cost ftem B would generally be more useful both
for analytical and presentation purposes than would Categorization I
that buried these three 'arge cost compronents under one element and

reported as separate elements the smaller items, C, D, and E,

4.4,2 Pufpone of the [stimate

The specific purpose of the estimate and the client's intended
spplication of the estimate as discussed in Chapter 2 can som2times
importantly influence the preferred classification of costs. For
‘tn;tance, it may be important in an 2stimate oriented toward funding
purposes to identify separately certain relatively small cost elements
Secﬁuse in'a total force context such funds asre in short supply or are
politically sensitive., Also, in the case of design-oriented estimates
covering alternative configurations {n a cost-effectiveness study, {t
becomes important to show the separate cost impacts of the most cost-
sensitive elements reglrdlegs of the average quantitative impact of
these elements.

4.4.3 Type of System

The type of system being costed obviously influences the nature of
the classification scheme, The cost structure covering a detection and
wvarning system generally f{s likely to be organized sround the sensor
equipment that comprises the major item of such a system, On the other
hand, the cost structure covering a headquarters command system may make
no provision for sensor-equipment-related costs since the system typically
has no sensor equipment, For rimilar reasons the cost structure per-
taining to a weapons systems will normally differ in important particulars

from that of electronic systems, especially at the minor element level,
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Finally, although there are sound reasons for normally sep‘rltlng develop-
ment (RLT&E) from investment costs, some systems require practically no
development costs and when this is true there may be little to gsin fré-
separating the two typeovof costs,

4.4.4 Availadility of Data

In establishing a set of cost categories and elements to be used in
costing a system, it must be consideyed ‘ether data can be collected to
complete the preferred categerizations, This means that I sheck must be
made relative to the formats and reporting fegulationq unuéf wh}ch the
military services and the Department of Deféﬂse collect their data and
the back-up accounting records maintained by industry. As a practlcil
matter it may frequently be necessary to comfromise on using a
theoretically preferred set of categories and elements simply because the
government and industry do not compile and classify basic ant data in a
manner such that it would be readily possible to segregate costs into
these catégories and elements., For instance, on occasiows it would be
interesting for planning purposes to estimate separately khe oparating
and maintenance portions of military personnel costs. However, official
data sometimes do not make this distinction. Also, it times it would de
interesting to know the separate costs for material and labor charged
under 1ndustry equipment maintenance contracts, Again, these data are
not slways available,

4,4,5 Discreteness in Definition

Apart from the particuler purpore of an estimste or the type of
system being costed, it is desirable that cost cate;ories(lnd elements
be defined so as to be discrete ind mutually exclusive., Both conceptually

and administratively a cost structure should differentiate cleariy between
59




one type 6f cost and another, ideally there should be no question re;‘rains
the specific category or element under which a type of cost has been
recorded or is to be recorded. Conceptually, 1t is sometimes difficule

to avoid overlap and to draw these boundary lines clearly, Even in these
cases, houever,.lt is important that precise, albeit somevhat arbditrary,
definition be used to avoid any misunderstanding between the cést analyst

and his client as to how the marginal cases have been handled,

4.4.6 Completeness in Coverage

Before finally selecting a classifxcafion scheme, a8 check should be
made to insure that all relevant types of costs have been provided for.
This meens that provision should normaily be made to include the life-
cycle, tozal activity costs of a system unless the special purpose of
an estimate dictates otherwise. Chapter 3 discussed some ot the
conditions under which a partial cost estimate would be relevant, As
fndicated previously, it is very important to justify such partial analysis.

4.5 Advantages of Standardized Cost Strictures

To take a vantage of the numerous advantages discussed below,
practically all organizations that have established a formal system
cost-estimating capability have developed standardized cost structures
that can be used from system to system and from one costing project to
the next. Some of these advantages are general in character and sre
long run in impact; otﬁers have short-run, ismediate benefits for
particular costing projects.

4.5.1 Conceptual Superiority

Standardized cost structures normally are more likely to meet most

of the criteria discussed in Section 4.4 of this chapter than are the
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cost structures develobed in the course of an individual costing project,
This is true because generally much greater care and thought go into the
development of standardized cost structures than into the cost structures
developed to satisfy purely the requirements of particular costing
projocfc. As will be discussed in Chapter 5, the cost anelyst working
cn a particular costing project is usually faced with a serious time
constraint and he is not normally in a position to be meticulous in
defining each cost element and in ensuring that the total structure {is
complete and internally consistent., On the other hand, generalized or
standardized cost structures are ususlly developed as methodological
projects and specific provision is made for the thoroughness in
procedure sometimes lacking in individual projects,

Similarly, a generalized cost structure developed in defached
isolation from the peculiar biases of any particular project is wmore
likely to take into consideration broad, basic, lqng-run concepts and
and principles ;hat are relevant to all systems and system projects,

A cost structure tailored solely to fit the immediate, peculiar needs
of ome pfoject is likely to sacrifice conceptual neatness for practical
expediency, The consequences of this sacrifice are endaer1ted in the
sub-sections that follow, |

4.5,2 Time Conserving

The availability of a standardized cost structure conserves time
of the analyst on any costing project because it greatly reduces the
amount of time that he must spend in such cost preliminaries, as defining
his cost elements. Such availability thus makes it possible for the
analyst to spend his limited time on the very important functions of

collecting and evaluating dati,
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4.5.3 Completeness Check-list

Following from several of the advantages cited aSove (particularly
: 4.5.1), a standardized cost ctruéture, since it aims to be thorough and
cxhaustive,vscrven as a valuable check-1list to ensure that no importanc
cost elements heve been overlooked in devel.oping a specislized cost
structure for a given project.

4.5.4 Intersystem Comparison

The use of standerdized ccst structures facilitates a comparison
of the cost findings of different studies complzsted by diffétent analysts
over tilc'since the standardized element definitions insure a consistent
handling of difficult and controversi :1 conceptual {ssues relative to

such definition,

6.5.§ Using History

-

Standardized cost structures help the analyst extract the meximum
possible benefit from historical data on the cost experiences of previous
systems. This {s important because the ability to forec;st future costs
accurately is related rather directly to the volume of usable historical
experience that‘cnn be applied to such forecasis. To take one example,
without a substantial comparability of ccst element definitions from
iylte- to system and from project to project, it would be extremely
difficult to develop reliable cost-estimating relationships (see Chspter §),
sn indispensible tool in forecasting future costs. For inntincc, if
equipment maintenance costs were defined differently in every costing
study, historical comparisons of maintenance costs for similar equipment
from system to system would be of very limited value,
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4.5,6 Analyst-Client Communication

A standardized cost structure facilitstes communication and minimizes
misunderstandings betweern & cost analyst and his client, especislly when
there is the reguiremsnt fbr repeated contacts on suceqeeive projects
betuzen the cost ahalyot and & given client,

4.5.7 A Methodological Base

A standardized cost structure contributes to a generaily {=proved,
objective, uethodologicil base, In system costing, as in any field of
learning, {t would ta impossible to go far toward developing sophisticated
;echniques for handling difficult areas of cost (see Chapter & until there
had been fairly general agreement on terminology. An important segment of
this terminology consists of the definifions and the classification
interrelationships among the types of activities and resources that are

to be costed,

4.6 Cost Structures in Current Use

As indicated in Section 4.5, wost agencies and organizations engaged
in costing military systems have endeavored to introduce some degree of
standardization into their ?ost structures, The extent of this
standardizction'has varied considerably among organizations and applications.
Also, as indicated previously, more attention has been paid to standardizing
system cost output formats (reporting or presentation formsts) thsn to
standardizing input formats, the classification schemes used to collect

ti:v data necessary to complete the ocutput formats,
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4.6,1 Output Formats

There are both official and unofficial system cost estimating output

formats, The official formats consist primeril Lof reports required from

ose required by higher

echelon military agencies from lower echelon agencies.

military contractors by military agencies plus t

One of the most frequently prescribed basesffor presenting official
. |
iyster cost estimstes is by Congressional Apyroﬁriation Codes, the
|
categories into uhicw Congress subdivides and distributes the total
n |

Thé Afr Yorce portion of the Appropriation Codes contain sixteen

-ilitarj budgee.

(16) éodetvor elements. Seven (7) of these are ;njorlelements, dollarvise,
from s systems' point of view:

Afircraft Procurement

Missile Pﬁfcurement

Other Procurement (including Electronics)

Hilit.ryvConstruction

Operatioép and Maintenance

Military Personnel

Research, Development, Test, and Evl}uation
The other nine (9) codes cover such activities as Reserve Forces, the
Air National Guard, Retired Pay, etc.

Another widely used summary classification fs by the three major

activities: Research, Development, Test, and Evaluation; Investment;

and Operations.



Some of the reports classified on either or both of these bases are:
a. The Department of Defense's Force and Financial Plan, {s
a report which lists the several hundred DOD officially
lpprﬁved programs for the three Military Services. This
report subdivides the costs of the major military programs
both by the appropriation codes and by the three major
categories - development, investment, and operations.
b. The DOD Program Change Report, the report used by the
Three Services to request changes in DOD officially
approved programs, also subdivides the costs of the
revised programs into the development, investment,
and operations categories

c¢. The System A_quisition Ptogtaﬁ reports, used by the
AFPSC Division (ESD, ASD, BSD, and SSD) to propose
new programs to AFSC and Higher Headquarters, also
subdivides system costs into the appropriation codes
identified above plus the development, investment, and
operations codes, The Proposed System Package Program,
the document that covers the Definition Phase of the
Acquisition Program, provides for a finer subdivision
of costs under the appropriation codes. The format of
this finer subdvision is within the discretion of the
office preparing the report,

Air Force financial reports from the lower echelons to high echelons
have also subdivided the Appropriation Codes data into two further levels.
Pirst, there has been a breakdown of the Appropriation Codes into numerous
Budget Program'Activlty Codes ("PAC), plus a four-level breakdown of the
BPAC Codes into many detailed Material Procurement Codes covering Invest-

ment (meinly hardware) type costs, For Command and Control Systems
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the first or major level breakdown of the Material Program Codes has
included a system integration or system engineering element plus five
mission equlpaent_codes -- radar and sensor;. electronic data processing
equipment, communication equipment, data display equipment, and other
mission equipment.

Twoy major reporting systems §y which contractor costs atre reported to
the Air Force are the Contractor Cost Studies and the PERT (Program Evalu-
stion Review Technique). The formats for these reports presently are not
standardized.

As this is being written, the Departmert of Defense has issued a new
directive that seeks to standardize reporting to DOD by the three Serviv.es.1
The electtbnic system portion of this feport has not yet b;en published.
However, the aircraft and missile portion proQides for a three-level
breakdown. "Level Zero" provides for a classification of costs by major
wespon system. "Level One" provides for a manda:ory seven (7) element
subdivision for'ench ms jor system as follows:

Vehicles or Mission Equipment

Support Equipment

Systems Engineering

Systems Tests

Training

Site Activation

Other (primary Documentation)
"Level Two" provides for a 28 element subdivision, nine (9) of which are
mandatory. Six (6) of the mandatory codes cover mission equipment codes;
the other three (3) cover system integration, military construction, and

documentation.
Most non-government oiJanizations, such as RAND and MITRE, engaged in

costing military systems also have developed standardized cost output formats,
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Thus, the major or susmary format utilized in most MITRE systeo costing studies

during the last three years has deen as follows: -

Research, Development, Test and Evaluation

System Design snd Management
Subsystem Development and Testing
System integration, Testing and Evaiuation

Initial In/estment

Faciiities

Mission Equipment® and AGE (Aerospace Ground Equipaent)
Initial Spares and Stocks

Computer Program Production

Personnel - Initial Training end Travel

Annual Operations
Facilities Maintenance

Equipment Replacement and Maintenance
Communications and Equipment Rental
Computer Program Maintenance

Perzonnel
The above format is also utfilized as one of the cost pfesentltiqn
formats in connection with MITRE's Electronic System Cost Model. The
MITRE Cost FPodel also provides a more detailed subdivision of the above
format plus a classification of costs by »ppropriation codes of the

sumnary format, the various subsystems and the major hardware subsystems.

4.6.2 Input Formats

In coliecting cost data inputs the analyst sometimes uses an integrated
'fornat that makes it possible to present his findings in turms of several
alternative output formats and st several slternative levels of aggregation,

Thus, MITRE's system cost data base and electronic system cost model are,

*
Mission equipment, because {t i3 usually much lexger then the other cost
elements, is normally subdivided into major types in this summary format:
sensors, communications, data processing, displays, serospace veh cles, etc,
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for instance, organized around an fnput format which stresses the major
‘ubnysteus with a separate element for "Cenernl System" costs which cut
across several or all subsystems. The first level subsystem breakdown
is as follows:

Ceneral System

Data Processing

Data Presentation

Communication

Data Acquisition

Aerospace Vehicles

Computer Programs

Personnel

Facilities and Support

Four further subdivision levels are provided. Thus, for example,

the Data Processing Subsystem portion of the input format is subdivided

as follows:




Data Processing Subsystem
Mission Equipment
Development, Test, and Evaluation

Analysis and Design

Fabrication for Test
Mockups, Prototype and Other

Develop Tool and Test Equipment
Test and Evaluation

Procurement and Installation
Prime Equipment
Mission Hardware
Special Tcoling
Data
First Destination Transportation’
Instailation and Checkout

Initial Spares
Spares
Transportation of Spares
Aerospace Cround Equipment (AGE)
Development Test and Evaluetion
Procurement and lustallation

Equipment

Data

First Destination Transportation

Installation and Checkout
Initial Spares

Spares

Transportation of Spares

Replacement Maintenance and Rentals

Materials and Services

Follow-On Spares

Transportation of Follow-On Spares

Equipmer.t Replacement

Subcontract Maintenance
Rentals

4.7 Summary

Cost classification is a methodological tool which, if properly
utilized, can facilitate the analysis and decision-making processes relative
to the selection of military systems.

Numerous criteria can be referenced in deyelopin; a cost classificatioan

scheme that, on the one hand, w.ll guide the collection of cost data and

that on the other hand, will serve as an output format for displaying the
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findings or results of a particular cost study. The choice of a particular
cost structure is usually influenced by two opposing forces, First, there
are many compellirg ressons for using standardized cost structures from
system to system and from project to project. Second, the peculiar
constraints, characteristics or objectives of a particular costing project
often seem to favor a custom taflored cost structure elpeciilly formulated
to suit these peculfarities,

There ere no iron-clad, objective guide-lines that can be referencea
to dictate the précise mixture of standardization and variation fhat should
prevail in the cost structure of a given study. In compromising the issu2
in day-to-day_operations two principlet.are parsmount, First, cost
classification, like sny other methodological tool, exists to service,
not to lty.df, the analyst and decision-maker, Second, even under the
most special circumstances a standardized or generaliged ccst structure
can serve as a frame of reference, as a point of dép;rture, for the
development of a cost structure speciaily tafilored, to su;t the needs of
a gt§eu system, Because of the substantial benefits tn be derived from
standardization, the cost analyst should feel obliged to justify msjor

deviations from a standsrdized structure wvhere one exists,
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FOOTNOTE

1D¢pnrtnnnt of Dofcﬂlc, Cost and Bconomic Information System, (July 1964)

|

20.:.1104 dcflnitloJl for these elements is provided fn: M, V. Jones,
"A GCenerslized Cost Structure for Electronic Systems,” The MITRE
Corporation, TM-3299 (May 1962), Details on the cost forma.s and on
other features of the MITRE Cost Model are provided in: T, J, Jannsen,
H. Glazer, J. C. DesRoches, "User's Manual for the Computerized
Electronic System Cost Model,” The MITRE Corporation, TM-3651 (July 1963),
|
\

|
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CHAPTER S

PLANKING THE COSTINRG EFFORT

S.1 The Time Constraint
Almost invarisbly the cost analyst has less time than he would like

to mske a thorough and reliable cost estimate, Normally the cost
estimate is only one input to a broad system aﬁalysis effort, and the
cost analyst has little to liy about the deadiine of the overall project.
Usually such deadlines are governed by the requirements of the client,
Under some circumstances the cost analyst may be free to decide whether
or not ﬁe vill participate in a project., His decision fo refr;in from
participating will usually be based on the position that only a very
poor cost estimate could be compiled in the limited time avaflable and
that it would be better to ignore econonié considerntions as one of the
decision criteria rather than to risk being misguided by grciasly
unreliable cost data, However, if he decides to participate, the cost
analyst usually has to accept the time constraints of his client.

Since the cost analyst normally has less time than he would like
to do his part of the task, it {s appropriate tﬂat he give serious
consideration at the start of a project as to how he can most profitably
employ his time, The matter of using limited time wisely can be viewed
from :evéral perspectives, One basic decision concerns the amount of
time that should be spent on "pre-costing™ activities vs, sctual cost
estimeting and sanalysis., These pre-costing activities cover the
conceptual-techuical-ldninlsérativu ground-rules of the costing phase of

the project. They concern the fype of questions raised in Chapter 2
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concerning the purpose of the estimste, including how "cost” will be
defined for the particular project, what will be the scope of the cost
analysts responsibiiities,and how important are such matters as precision,
coﬁni-tcucy, sophistication of method, etc, They alqo concern the amount
of time that will be spent in descridbing the .ystem(s) to be costed as
discussed in Chapter 3 and the problems involved in spelling out the

cost structure as discussed in Chapter 4, How these matters are decided
may determine whether or not the cost analyst wants to participate in the
project. Unfortunately, there are no hard-and-fast rules for deciding how
much time on a given project should be spent on these pre-cost vs, the
costing tasks. However, as Qautioned previously, it is unwise to slight
the pre-cost tasks since historically many estimates have gone wrong
because these pre-cost tasks were dispensed with too quickly.

After the annlysi has resolved these pre-cost tasks, including a
suitable structuring of the elements to be costed, he has next to decide
how he best can allocate his limited time to ;atheri%# and analyzing
data relative to each of these elements. Rarely vil;;it be advantageous
to distribute his time equally among all cost ele-nnf#, and, wvhen it is
not, he must decide which ones he will stress and vhich ones he will
slight,

In the process of deciding how he will allocate his limited time
researching the different cost elements, the analyst should gather enough
preliminary information to assess the various cost elements from at least
the four points of view discussed in the four sections of this chapter

that follow. There are several ways he can mske these preliminary

assessments with only a modest investment of time, Ome, if he is an
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experienced analyst, he can draw upon his own reservoir of experience

concerning past costing projects that on preliminary review seemed to
have been similar to the system he is presently trying to cost insofar
&s the criteria that follow are concerned, If he does not have extensive
6xpcr£¢ncc he should seek the counsel of more experienced analysts in
deriving these initial {mpressions, Even if he is experienced, it will
pay him to cross-fertilize his own judgment with other specialists
assigned to the project, including experts in other disciplines, Finally,
as in descridbing the system (Chapter 2), he should regard this task of
allocating his time wisely as a continuing responsibility thro#ghout the
study, not as & one-time decision to be msde at the start of the project.
5.2 Relative Magaitude

First, he should mske a rough preliminary estimste either of the
dollar or percentage contribution of each major cost element to the total
system cost., All other things beinj equal, the amount of time spent in
researching a cost element should increase with the magnitude of that
element's estimated value, Thus, anticipated large éoat elements should
be studied more carefully than small ones, since the same percentage
error in a large cost element will distort the total cost estimate more
than will a similar error in a small cost element. For instance, all
other things being equal, more time should be spent in researching cost
element A than B under the following circumstances:

Anti:ipated Value

Cost Elements (Millions of Dollars)
A $60
B .
C, D, E, etc. : 37
Total System Cost $100
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A practical instance of this atove principal is to be found in the
case of mission equipment. For most systems mission equipment is, by
far, the largest coet element; in some cases mission equipment costs are
almost as large as all other system costs combined,

5.3 Potential Variation

Second, to the extent that time and data permit, the cost analyst
should make a preliminary assessment of the potentfal variation that may
be encountered in the estimated value of st least the major cost elements,
This variation has two facets. One occurs when costing several alternative
configurations of a system and concerns the relative sensitivity of a
system's total cost to changes in the valucs of a system's performance
parameters. The more cost sensitive is a particular parameter, the more
study it should receive.

The other type of potential variation can occur when costing either
a single or multiple configuration(s) of a system, This variation is a
function of the uncertainty surrounding the value of sn element and is
measured by the dispersion about some measure of the estimated value of
the element., All other things being equal, the greater the uncertainty -
the greater the anticipated dispersion Qbout the estimated value - the
greater the amount of time that should be spent in researching that cost
element. Stated correlatively,'the anslyst should not spend a lot of
time researching those costs that he can establish with reasonadle
certainty at the beginning of the study. Thus, all other things being
equal, more time should be spent in researching cost element Z than F

under the following circumstances;
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Anticipated
Dispersion
Ectimsted Value (including 95%
st Elemen (Millions of Lollars) - of all cases)
L 55 f $40-55-150
4 _ $55 p $50-55-60
G, B, I, etc, $90 "~ $60-90-115

Total System Cost $200

5.4 Research Pay Off

Third, and among the most important, the analyst should make an
appraisal of the relative ease or difficulty he will encounter in
trying to obtain useful data to reduce the anticipated dispersion about
the estimsted values of his major cost elemencs. All other things being
equal, the more tractable the research problem appears, the more {t will
pay to devote the time to do that research, For instance, under the
following circumstances, it would be'prgférable to research cost clenent

R rather than S:

Anticipated Value
and Dispersion

- Cost Element (Millions of Dollars)
Before Research After Research
R | $30-55-90 $50-60-65
] $30-55-90 $35-60-85
T, U, V, W, etc. $40-90-130

The above point has particular application in costing advanced
systems in that the search for useful data is sharply sublect to the
lawv of diminishing returns and it is hard to reduce uncertainty and
dispersion beyond a certiln point. For instance, whereas it might be
profitable to spend 10 hours research analyzing the findings of a
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previous, exhaustive study of an analogous cost §le-nnt for a similar
type system, snother 80 hours of research going beyong the findings of
this previous study aight yield nc additional data that could further
reduce the anticipated dispersion.

In attempting to meke this research-tractability assessment, the
analyst should try to pinpoint the factors that meke for the uncertainty
surrounding the various cost e¢lements, Thus, in some cases uncertainty
may be due to the fact that basic government and industry accounting
records are presently not well ofganized to provide good information on
a particular type of cost. For instance, untii very recently, certain
research and development cost elements were so characterized. By
contrast in other instances, the amalyst may find that the basic raw
data are readily available from some accessible industry or government
source, but that no one previously had a need to extract or integrate
them.

5.5 Covariance Between Elements

The greater the dejrse of covariance between two elements, the more
likely is it to pay to research the zosts of those elements, This
presents another reason for thoroughly researching prime mission equip-
ment costs uince frequently certain other important costs are calculated
as per cents of initial investment mission equipment costs, i.e., initial
and follow-on equipment spares, AGE, dats (manuals, etc.). Hence, the
more we can reduce uncertainty relative to prise mission equipment, che

more we will reduce uncertainty relative to spares, AGE, manuals, etc.
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5.6 Establishing Levels of Aggregacion

One particular aspect of the time sllocation problem deserves special
consideration, namely, the level of eggregation at which each major type
of cost will be estimated, In other words, the analyst must decide how
. deeply he will probe into lower level or sub-element costs for each ma jor
element of cost, .

This level of aggregation decision is rel-vant to the ti-e.allocatlén
problem for two reasons: generally, the deeper the analyst explores cub)fﬁ
element costs:

a, the greater the time he will require to complete ihe
estimate,

b, the clearer, more accurate picture will he get of the
next higher aggregation of that particular kind of
cost. In other words, a studf of minor elén:nt costs
is one means of firming up an estimste of major ele-

-e$t costs, w
|

This leﬁel-of-aggregation issue is important in costing military
systems becapse it suggests a possible difference in the methodology of
costing developments withir the state-of-the-art vs. those beyond the
state-of -the-art,

All future estimating, including cost estimating, is done by analogy.
In other words, the only way to cost something new is to relste some of

its masjor characteristics to similar previous experiences on which a

store of knowledge has been accumulated,
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An essential difference in costing s developmenl within the st te-
of-the-art and one beyond the stat: -cf-the-art is"n the level of detail
at which che estimating relationships or analogies shouid be sought,
When the objective is to estimate tne cost of an elerment favolvirg a
technology within the state-of-the-art, one can find comparable performance-
design-resource-cost relationships, based on hi:storical or projected
analogies, at a relativély high level of aggregation. In othar words,
wvhen a requirement is within the state-of-the-art, It is noramally
possible to estimate its cost relatively readily by drawiﬁg upon ¢
reservoir of official and unofficial planning and cost estimeting
relationships that relarte petforsance.to design to cost, thus obviatin,
the need to examine the specific lower level resource inputs needed to
attain thi: apability.

On the other hind, by definition, such high-level-analogies are
lacking whei. the objective is to cost a tecnnological advancement
beyond the current state-of-the-art. The historical relationships
established for lesser performance capabilities cannot be assuaed to
apply to a new and greater performance capabiliry, However, as dis-
cussed in Chapter 3.4.3., technological advancements in sulstantial
measure require new ccmbinations of established techniques at the
subsystem, subassembly and component levels. Thérefore, the costing
of technological advancuments can be approached systematically by
locating and éonaolidating analogies or estimating relationships at
lower levels of aggregation,

To gereralize, wherezs it is relatively safe to abridge the per-
formance-design-resource-cost transintion vhen costing an element

involving state-of-the-art vechnoiogies, the more advanced beyond
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current technologies is a new system element, the more it behooves the
cost analyst to inquire into the specific resource implications of the
nev requirement,

A hypothetical exsmple will illustrate the above point, In this
example the relative sophistication of a computer technology is indicated

by‘ the symbol xl. Xz, XJ, Xl‘, xs. ..o Xn, where Xz is more sophisticated

than X It 1s assumed that current technology has produced computers

l.

vith capabilities of X., X, and X, and that reliable data indicate that

1° 72 4
annusl maintensnce costs for each of these machines spproximate between
'101 and 15% of their initial investment costs., In this case if the
objective is to estimate the annual maintenance cost of a machine with
23 capabilicies, {t would be presu-pgious, but not rash, to use a
factor of 10-15% without examining in detail what would actually be
involved in the way of men and materials to mairtain X3. On the other
‘hand, it would be fool-hardy to estimste the annual maintenance cost
of a computer with Xlo capabilitiee, without inquiring into the fullest
detail that available time and data permit relative to the types and:
quantities of resources .hat would be required to msintain the xlO
computer.

Héte‘concrete examples drawn from actual costing studies could also

be ciled to illustrate the point. For instance, for purposes of advsnced

systems costing, to estimate the cost of housing and provisioning a
complement of military personnel in conventional quarters at a new base,
it is normally Justifiable to use a very highly aggregated CER of $X per
man wvithout identifying in detail tﬁc specific accomodations they will

need, Or in costing s new command and control systeam which involves the
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use of KC-135 airplanes as an airberne command post, it may be quite

acceptable to use an official Air Force factor of SY per flying hour

to estimate the annual maintenance costs of servicing these planes,
On the other hand, ¢o estimate the cost of provisioning & similar
complement of military personnel on a Moon Base would require a much
greater detailing of the specific accomodations that they would need.
Or to estimate the annual maintenance cost of the spacecraft to fly
them there would require a relatively close inquiry into the specific
types and quantities of resources to perform such -nintenanée.

The practical importance of this 1e9el~of—aggregation principal s
twofold. One, to achieve z given degree of accuracy, technological
advancements lying beyond the current state of the art must be costed
at a lower level of aggregation than those lying vithin the state-of-the-
art. Two, if a particular project requires costing a significant technological
advancement and if it is very important to minimize the uncertainty
surrounding the cost of this element, the way to do so is to seek
estimating relationships at the subsystem, subassembly, and major component
level, |

Frequently, of course, the analyst cannot get such lower-level detatl;
it is often hard to identify such lower-level analogies. When he is faced
wvith this contingency, the analyst should realistically face up to the
fact that his estimate substantially must be a guess, and, like most
guesses, unless he is lucky, he {s very liable to be seriously vrong., For
when he cannot identify lower-level analogies, his sole recourse is to
take performance-to-cost relationships for a state-of-the-art technology
and intuitively extrapolate them to cover beyond-the-state-of-the-art

technology., Besides being subject to serious error, this process,
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because it is so basically implicit, suffers from the shortcoming that
the anslyst finds it very hard to learn either from his good guecses or
bad onks,
3.7 Sympery
Before he invests substantial time in collecting and analyzing data
for each of the vafious cost elements in 51: total cost structure, the
cost analyst should make & prcliniuary survey with the objective of
lccﬁtin; “rough-cut” or approximate type information on ihe following:
a, The relative magnitude of the various elements, More
time should normslly be :pent‘in researching anticipated
large cost elements than small cost elements.
b. The potential variation éf the various elements, The
larger fhe potential variation, the greater the amount
of time that should be spent in researching the element,
This variation may be of two types: one, the cost
sensitivity type in which total system cost is relatad
to changes in the value of kay performance or design
characteristics; two, the potential dispersion in an
element’s cost due to uncertainty,
c¢. The potential research pay-off, Tﬁe more tractable the
uncertsinty problem is to research and inquiry - the
more promising it appears that a given amount of research
effort will firm up our knowledge of an element's cost -~
the more justifiable is it to msake that research,
d. The extent of covariance between several elements, The
greater the covariance between elements, the more likely
is it to pay to thoroughly research these elements,

especially the largest and independent variable.
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As a general principle, to achieve a given standard of accuracy,
technological developments lyln. beyond the current state-of-the-art
should be costed at a lower level of aggregation than those lying within

the current state-of-the-art,




FOOTHOTE ' Page

1‘!!:‘ mathemstics for explicity taking each of the above criteris (5.2 - 77
5.5) into account in making an estimate has been worked out by J, R, '
Miller of the MITRE staff. In addition an operating computer program

to implement the mathematics has been written. The entire techaique

wvill be incorporated into a Ph, D, thesis nov under prepsration at the

Massachusetts Institute of Technology.




ZIAPTER 6
SELECTING AND COLLECTING COST LATA

6.1 ghortcomings of Available Data
6.1.1 Genersl

Chapter 3 emphasized how very important it is to accurate system cost

estimgting to identify accurately the types and quantities of resources to
be costed. The second requisite to. accurate systgm cost estimating is to

accurately determine the prices per unit to be used in costing each of these’

resources.

Since all future costs are estimated via analogy to some previous cost

experience or projection, a major task confronting the estimator £s to |

decide vhere to look for the most appropriate analogies. Accordingly, one
of the most 1n§ortant functicns of system cost -etﬁodology is to guide the
estimgtor in seeking such analogies -- to provide ground rules relative to
cost data inputs for the new estimates. '

I

The decision relative to cost data inputs is[&ifficult for at least
three reasons:

a. Until recently there has been a general shortage of historical
data with a system orientation.

b. Available data have frequently been of questionable validity and
of doubtful cosparability over time. ,

c. Available data have frequently been of limited relevance to future »
cost estimating because the technological requirements of new i
systems have often differed markedly from those of past systems; :

that is, the past and future systems have not been completely

analogous. ‘ ,




6.1.2 Scarcity of Dats
First, military system costing, as a relatively new discipline, has

suffered from s general shortage of historical data. Although the military
services and industrial contractors have maintained cosmparatively detsiled |
financial end related records on military contracts for many years,
relatively few of these voluminous data, until recently, have been
classified on a system basis. dne reason for this is that in some areas,
like complex military electronic systems and space systems, the systems have
‘been relatively few in number and telatively recent in origin. Since these
systems take five to ten years to run their course, system cost analysts
have frequently bgcn obliged to estimgte the cost of an important element

of a new system on the basis of only one, two, or several more or less

analogous cost experiences in the past.

6.1.3 Qualitgtive Shortcomings

Second, available data have suffered from serious qualitative short-
comings. In this initial period government and industrial cost reporfl and
accounting records have been in the process of development; and only recently
has the pattern of s comprehensive, sinndardi:ed reporting procedure begun
to emerge. Therefore, for many of the systems introduced five to ten years
ago the cost records are in some important particulars lacking, in othery
incomplete or incomprehensible, and in most cases of limited comparability
with the records of more recent systems,.

A somevhat related problem is that many cost reports have not been
properly structured to provide the kinds of data needed for advanced system
cost analysis. fhis has happened beca e these reports hgve been designed
primerily to serve other purposes such as monitoring contractor performance

on current contracts. 86



6.1.4 Relevancy Problems

Third, available data often have provided a dubious future eoii-ntiug
base because the performance and design characteristics of new systems have
somet imes diffcied markedly from those systems for which an adequate and
valid cost data base has exirted. Thus, even ample and reliable data on
- & past system having X level survivabi!ity, having a computer with a Y
data processing rate, and an.airborne vehicle capable of Z speed are of
limited viefulness in costing a future system requiring a 5K level of
survivability, « computer with a 10Y data processing rate, and an airborne
vehicle capadble of 32 speed.

6.2 Using Aveilsble Data to gestigg!!ntagg

6.2.1 Need for Multiple Inputs

_ For two reasons the cost analyst should explore widely in seeking
analogous cost experiences as a base for his future cost estimates. First,
if the cost nnaljst relies on one or tﬁo observat fons as his estimating
bcne,‘be will find it extremely difficult to determine whether these
observations provide & representative ssmple. 1If they are not representative,
he ru-s & risk of sericus error if he uses them as a future estima®ing hase.
In other uprdc, normally no single piior experience or projection should
be taken as 100% applicable to a new costing situation. BEven in cases in
which the future element configuration completely corresponds to some past
configuration, it does not mean that, ipso facto, the future costs will
correspond exactly to the past. As a bare minimum, the future situation
should dbe exsmined for such possibilities ss price level chenges or learning
curve phenomena. If different industrisl contractors ssy be used in the
future, different pricing policies and productivity coefficients should be

allowed for. BEven the same contractor from one period to the next may
87




change his pricing philoscphy. Similarly, in the realm of military costs,
such factors as military pay and allowances are sudbject to Congressional
amendment , and staffing patterns for performing certain jobs may change.

6.2.2 Analogies st the Element Level

'Just as no single historical datum is completely relevant and sufficient
for costing a new requirement, similarly great masses of dats might be
i#-itted on s limited relevancy basis. Practically, this means that in
seeking cost analogies the cost analyst can profitadbly lvok dbeyond the one
or severai prior systems vhose end missions, general requirements, and
general configurations most closely resemble those of the new system he is
costing. It must be.renenbered that the éﬁs;s of large, complex military
systems are uluilly estimated by sumning the costs of their numerous con-
stituent elements. And great similerities will often be found in the con-
stituent elements at the subsystem, major fuuctioh, and ma jor conponeht
level a-éng systeas vhich differ substantially in terms of their end
missiong, general requirements, and general configurations.
The logic of seeking broadly for relevant analogies at the cost
element level could be {llustrated by meny examples. A few will be cited.
a. - The cost of transporting a -llit;ry officer overseas is likely
to average $750 per zman whether that officer is to be attached
to a weapons system or a command and control system. (In practice,
this cost is likely to vary greatly from situation to situation.
The determining factérl, however, are not the type of systems to
vhich a man is assigned, but’uhere he is located geographicslly,
his rank, and whether he is single or married with dependent
travel authorized.)

b. A support-service facility -- like a barracks, mess hall or zeneral

administration building -- will normally in a given environment
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entail similar costs wvhatever the type of system in vhich it {s
employed.

c. The costs of maintaining a given off-the-shelf computer ;hould
be similar vhether the computer is used in a command and -ontrol
systas: a Genpon system; an Army, Navy, Air Force or NASA system.

d. The hourly operating and maintenance costs of a C-135 airplane
are likely to be similar whether the plane is used for traasport
purposes or as an airborne command post.

Recapitulating, rather than seeking to pinpoint the one most closely
analogous prior observation, the cost snalyst should aim for multiple
inpufo of various relevancies and should consider each of these odservations
in reaching his estimgte of the cost of the new element.

Bowever, if he is to carry out this prescription effectively, the
cost analyst must take account of two other considerations. One, if he is
to consider multiple deta inputs, he must have a method for evaluating
and weighting each of these inputs in terms of its applicadbility to the
new cost estimate. Chapter 7 of thic paper will discuss this issue.

Second, in separately considering various sources of historical and
projected data as potentially pertinent or analogous to the new cost
estimate that he hss to make, the cost analyst must balance the expected
payoff of such resesrch against the msn hours required to do that research.
In the last analysis, the cost analyst must rely substentislly on his
judgment snd experience in deciding to explore one potential source of
data as opposed to another. Hovever, the type of ~riteris advanced in

Chapter 5 for allocating research time should help %im in formulating and

verifying his judgments. 89




6.3 Using Expert Opinion As A Data Source

Concurrently with his efforts to increase the number of data inputs
at bis disposal, the cost analyst should strive to include more reliagble
end relevant types and sources of data in the base for his future cost
estimates.

6.3.1 Improvements in Bzporting

New cost reporting procedures estsblished {a recent years by the
l

Department of 1§Fen:e and the Air Force h;ve improved §oth the clarity

and coupletene:s of the formal system cosé base agvailable to the anaiyst.
Equally important, these new procedures h;ve fostered a greater comoaratility
of historical cost data from one time period to another and from one program
element (:jsten) to another. One result of this trend toward standardization

has been to facilitate the search for cost-estimating relationships pertinent

to 8 nev estimate.

6.3.2 Rationale for Subjective Inputs

To furtﬁer improve the relevancy of the data inputs which he uses as
a base for estimgting the costs of future systems, the cost analyst
increasingly must go beyond the field of sbjective, histﬁrical statistics
to include among his data inputs a wvhole range of subjective projections.
He should do this bec;uae these subjective data sources, such as previous
sdvenced planning cost estimates of other bew systems, still under develop-
ment, and the expert opinions of specialiéts in various équipnent and
subsystem ar:as, frequently can provide a more relevant basis for costing
the advanced technologies of new systems @hnn can the historical statistics
éovering the costs of older technologies and systems.

This recourse to projections or expert opindons as a dase for deriving

other projections, estimates, and opinions is nothing nev. In recent
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years Bayesian statistics with its emphasis on subjective probability has
gained much support. And, of cours;, the businessman and market analyst
hav¥ traditionally followed this principle in forecasting the future sales
of a conpany's products. That is, in forecasting the sales of his company's
product, s market analyst will not only consider the objective, historical
records of the company's past years' sales. He will also give {mportant
veight to the separat: opinion; of top-ranking economists as t; wvhat the
gross national product will be in the subsequent year, and also to the
opinions of the ~umpany's marketing and production specialists relative

to the projected competitive position of the company in the ipdustry in
which it operates.

6.3.3 Methodological éroblems

The methodology cf using expert opinions and other subjectivé pro-
jections as data inputs to future cost estimating is largely undeveloped.
Hence, the comments on this sublect in this document will be suggestive
only.

Por one thing, it is pertinent to note that the problems of the system -
cost analyst in handling these types of inputs are methodologically quite
similar to those encountered bj specialists in other disciplines--- the
businers decision maker, the economist, the market research analyst, the
sociologist, the political scientist, and the behavorial scientisat in
general.

Illustrative of the types of problems that confront the ahakyst are:

a. The establishing of formal or informsl criteria for selecting

the experts whose opinions are to be solicited.
.b. The fornula}ing of the precise question(s) to Le put to the

expert(s) and, vhere muitiple experts are involved, the
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standardizing of the procedure for presenting the questions in

order to minimize misinterpretation, deliberate bias, and other-
vise non-uniform or ummeaningful responses.

81 ce the problems of the cost analyst in handling experti:ernré
methodologically akin to the interview problems faced in the other
disciplines references, these types of problems will not be discussed
hctc.l However, Chapter 7 will discuss a third, re}ated task, namely,
ho¢ o devise systematic methods for evaluating the responses received
ixom the various experts agaiust each other And also for determining the
relevancy of each against variou3 historical data as pertinent to the new
cost being estimated.

6.4 SoJrces of Date

This paper will review only illustratively the various sources of
historical and projected cost data useful to the systé- cost analyst. A
comprehensive review and evaluation of specific official and unofficﬂal

data sources will be reserved for a subsequent conpauioh stﬁdy to the
|
[

|

present document.
| Covernment and industry reporiing; accounting, ind information systems
provide the source of most historical data:

a. There are, in the first instance,.official reports that industry
is required to file with the cognizant military office or that
lower echelon militsry offiées file with higher authority. 1In
the former group are ﬁhe Contractor Cost Reports that all major
contractors are required to file with the appropriate Air Porce
procurement office that, a-bng other things, summarize the cost
experienc;c of the ecompany on the designated contiact during the

preceding year.
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0v¥r and beyond the formal reports, baric accounting records, both
govermment and industry, previde cﬁn:{icrmble unpublished,
historical data that can be tapped during the course of personal
visits to the respective office, provided clearance for access

to this material can be arranged.

Additionally, special historical studies on particular systems
are sometimes prepared by various offices of the Air Porée, by
industrial firms, or by non-profit organizations such as BAND,
AEROSPACE, or HITI!.Z

Numerous official compendiums either summarize data that appeared
in the official recurring reports or index the varicus reports

that are available. Illustrative of the former are the Air Eorce's

USAF Planning Factors (Peace Time and War Time), AFM-172-3 and

USAF Statistical Digest, SSU-23. Also various Air Force manuals

summarize cost, design and related information on state-of-the-

art equipment, e.g., Military Handbook, Electronic Communication

~ Equipment (4 Volumes), MIL-HDBX-161. An index of Air Force
reports is provided by List of Recurring Reports, $S-U25.
Pinally, nu;etous official and private catalogues plus private
information services and trade journals contain a weaith of cost .
and related data covering particular systems, equipments, and
state-of-the-art technology. In the former category are the
General Services Administration's, Gille's Associates’, and Adams
Associated catalogues on electronic data processing equipment.

In the latter category are Aviation Week, Missiles and Rockets,

Datamation, etc. plus the Defense Marketing Services (Market

Intelligence Reports).
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Sources of projections and expert opinfons relative to future or

prospective system cost dats are ejually varied:

a.

b.

The Contractor Cost Reports previously referenced as a useful
source of historical dats are similarly valuable as a source

of contractor estimates of the cost to complete the contract.
Prior to these in tho chain of official documents in the pro-
curement cycle are the bid proposal reports. One of the advantages
of the bid iepotts is that the ' provide a basis for securing a
consensus of expert opinion on the cost of meecting a new require-
mt.3 |

Once again, personal visits to industry or governmént offices can
sometimes extract unpublished details lying behind these official
reports.

Similarly, experts working for industry, government, universities,
and not-for-profit orgahizations are very well versed with
potential new products and new technologies, and they oftemn can
give the cost analyst valuable opinions relative to the resource
implications of future developments in their specialized fields.
The officisl Department of Defense and Air Force reporting
systems, such as Proposed System Package Programs (Scction 11),
prbyide detailed cost estimates covering systems and programs
submitted fo higher echélons for approval.

There is an increasing number of advanced system cost studies
prepared by the Air Force, by industry (solicited or unsolicited),
and by non-profit organisations such as RAND, ARROSPACE, and MITRE.
Trade journals and private information services, a; cited pre-
viously'in this section, are a source of projections and expertise

just as they are a source of historicel data.
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6.5 Data Rase Systems

Practically all orgaenizations that have e:tablished system cost
analysis departments have found it advantageous to establish vhat are
known as Data Base Systems or Data Banks.

A Dats Base System i35 a technically aad administretively centralized

~ systea for handling major empirical functions associated with costing
military systems.

Simply stated, the objective of any Data Base System is to provide
the cost analyst with both more and better quality dsta and to provide
this data -b:e quickly than would be possible without such a system.

In practice, the degree of formality characterizing the Data Base
Systems of existing system cost analysis organizations varies cnnniderably.'
The ma jor features of the MITRE Data Base System, one of the more formslized
of the existing systems, sre the following: |

. &. A comprehensive and consistent system for the determination of
types of data to be gathered.

b. A systematic and efficient means of collecting and updating such

data.

c. An easy method for the entry of such data into the Data Base.

d. A formal method of evaluation, validation, categorization and

storage of the data.

e. A quick means of retrieval for ultimate use.

The Data Base should ;roperly scrve not only as a central repository
for the coliection and disseminstion of the documented, historical portion
of system cost data, it also can function as the focal poiat for identifying
knowledgeable, external sources of relevant information.

One of the important practical consequences of a centralized Data
95
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Base System is thst it tends to formalize and standardize the documentation
of departmental cost studies. A highly sophisticated Data Base Sylte;
will require the cost analyst to document relatively specifically how he
srrived at his cost estimates, including an identification of his sources
of primary and pecondary data, s detailing of the statistical qnnlpulntionn
he performed on these data, and an explanation as to vhy he selected these
‘'data sources and statistical techniques as opposed to o;hers. To the
extent that it promotes these practices a formalized Datas Base will con-
tribute to attaining the systematized, explicit approach to cost anslysis
advocated in Chapter 1. Aﬁcordingly. a formalized Data Base Systexr can be
a most useful step in securing the reguiar "feedback™ so essentisgl if
system cost analysis is tc become more of a8 science and less of an art.

6.6 Cost Estimating Relationships
6.6.1 Definition and Classifications

Up to this point this chapter has discussed particular historical
cost experiences or projections as data inputs or analogies for estimating
the future cost of a nev system element. Chapter 7 will consider the
mechanics of melding these heterogenous bits of evidence 1nt; an estimating
tool specifically tailored for calculating the future cost of a particular
cost element of a pgrticular system.

3 This section, on the other hand, will discuss briefly the generalized
cost estimating relationship, hereafter referenced as s CER. Simply
defined, a CER 1is a generalized statistical distillation of multiple cost
experiences covering a defined type or area of cost. Frequently, a
generalized CER serves as one of several or many inputs in estimating the
cost of an element of s particular system.

96




CERs mgy be differentisted by the type of cost determining varisbles,
as follows: | |
8. COAt related to some physical resource, e.g. -- building con-

struction cost = $15 per square foot.

b. One type of cost related to sanother, e.g. -- Annual Operating

COIt (Mission Equipment) = 152 of Initial Investment Cost

1
(Mission Bq-ipment).
c. CO;t related to some performance characteristic, e.g. -- Electronic
l | Computer Central Complex Initial Investment Cost in Dollars
|

|
‘ 10310 C=6.454 - 0,980 10310 SCT + 0.064 10810 CAT

vth'c "C = Cost of central complex in dollars
} SCT = Storage cycle time in microseconds
CAT = Complete add time in microseconds
These several basic types of CERs may be further differentiated into.
several degrees of complexity or sophistication. The simplest CERs are
line:r, proﬁortioml relationships between cost and one cost-determining
variable -sud-. as thg .butlding consiruction cost example cited in the pre-
ceding paragraph. More complicated cm depict various types of non-linuri
relationships betveen cost and two or more cost-determining variables such
as the co-p;ter equipment CER cited above. Most of the generalized CERs
actually ua;d in costing military systems are linear-proportionsl relation-
ships betwe(é cost and one cost-determining variable, usually cost and some
physical te!soutce or parameter. (As used here, the term "physical™ resource
is broadly defined to include human resources such as engineering man hours
as well as inanimate resources such as butildings and equipment.)

Generally there is a positive correlation between the number of

observations and the validity of the estimating relationship, f.e., the
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relative acturscy with vhich the statistical estimating relationship
.ctun'lly measures the phenoac.non it is depicted to measure. l!oweﬁer, any
mmber of individual data poiats, including both objective (historical)
and mbjecélve data inputs can be used as the base from vhich to derive a
generalized cost estimating relatisnship. Again in point of experience,
most genéralized CERs developed to date vand sctually used in -niuty
.'yat- co:ttni are based i:te&ouhnntly, almost uclusiveli, upon historical
experience. “ '

One additional differentiating characteristic among CERs should de
noted; namely, the level of aggregation. A large varigty of aggregation
levels for & given type of cost can be developed. Por instauce, at s
Iujh aggregation level, it may be generalized tlﬁt iﬂ.liury Pay and
Ailovancea = $5,000 per man per year (this $5,000 per year figure assumes .
a ratio of one officer to five airmen). A step lower in aggtegatioa'a would
be: Military Pay and Allowances (Officers) = $10,000 per man per year and
Militsry Payland Allm(ances (Airmer) = $4,000 per -an .per year. Still
lover aggregation levels would differentiate both officers and airmen into
different rank, skill, geographical assigmment location, and other such
cost-determining categcries.

6.6.2 Advents es of CERs

The preceding point appropriately leads to the next question, the
advantages of using CERs. The most obvious advantage of CERs is th.e
tremendous savings they can provide in the time required to complete an
estimate. 1In effect, a CER makes it possible to estimate a highly
aggregated future cost, e.g., equipment maintenance coat.s, without a
detailed 1de‘ntiﬁcation and costing of each of the sﬁecific resource inputs

to this future cost. The alternative to using a CER would be a low~level-
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of -aggregation direct weasurement by whick the analyst estisates a high-level-
of—a;.ré;ation future cost by identifying, tallying, and pricing 1@ detail
each of the specific types of resource inputs to a new system element.

Thus, the availability of a generalized CER makes it possible in individual
costing studies to reduce greatly the time spent in gathering and compiling
dats. In a natter of hours, oogetincs even in minutes, by means of a CER,

an analyst can estiLate a future cost that would require days or even

weeks to cutigntc through direct measurement. Thus a direct messurement

of equipment maintenance cost would have to cover the replacement of equip-
ment, follow-on lpnril, msintensnce personnel (military, govermment civilien,
qontractor), transportation of equipment and spares, updating maintenance

- manuals. Additionally, it would be necessary to further subdivide the

above general types of maintenance costs into types of eguipment to be

-nintained, types of personnel to be employed, etc.

Sometimes a CER will also provide a m-re accurate, reliable baail'fOt
1530 ating a future cost than a direct -ensuﬁenent. A vell-dgveloped cm
is derived from a wide-coverage, carefully daguaented, objectlvé, after-
the-fact analysis of representative lvailabl% data. On the other hand,
direct measurements frequently are the produc% of a fragmentary, hastily
compiled survey that fails to cover representatively and in depth the cost
element bdeing studied. It is especislly difficult to make adequate direct
measurements of total life-cycle costs in the advanced planning stage of
a system's development long before the physical and operationsl character-

istics of the system have been defined in detail.

6.6.3 Limitations of CERs
Are there any shortcomings or limitations in using CERs; when is it

advisable tQ use a different estimating tool; and what are such alternstive

tools?




In the first place, it is not alwvays possible to use a CER becsuse

for certain types of cost, generalized CERs have not yet Seen developed.
As an example, a shortage of usable dats has made it difficult to develop
reliable CERs for estimating research and development costs.s Similarly,
difficulty in marshaling available data and the heterogeneity of display
equipment have haapered efforts to develop good CERs for electroﬁic |
dilplny equipment.

Second, CERs have some limitations even in cases in which substantial
effort has been expended in developing relatively sophisticated CERs, as
in the case of electronic cowuteu.6 For one thing, the generalized CER
on computers covers many manufacturers’' equipments and various models
from each manufacturer. 1It, thus, by definition depicts an average
relationship. If the analyst hsppens to be costing an off-the-shelf
c@uter and he knows the particular manufacturer and model required, a
catalog price, such as listed by the General Services Administration
catglog, will pfovide s -ote'accuravte estimating bace than would a
generalized CER.

Similarly, when the assignment is to estimate an element whose
technology lies beyond the sute-of;the-art, a CER, being based predominantly
or exclusively on historical experience for state-of-the-art equipment.
loses some of its relevance.

6.6.4 When Tc Use CERs

~ Acknowledging the above qualifications, much can still be said i.nv
favor of a generalized CER as an input for estimating both state-of-the-
art and beyond-the-state-of-the-art elements. Frequently when the analyst
has knowledge that a state-of-the-art development is iavolved, he may not

know the particular manufacturer and model number of equipment required.
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This is especially likely to heppen ! - an advanced planning study. 1In
cuch.ca‘u, a particular catalog price may be too specific whereas a
generaslized CER by giving the average or representative price may offer a
useful working compromise. As & bare minimum, the CER would serve as a
u;oful sense check of an estimate derived through catalog sources.

The Qle fot the usefulness of a generalized CER is even more
compelling wvhen the task is to estimate the cost of an element whose
technology lies beyond the state-of-the-art. In the words of uavia Novick,
the more "futuristic™ is the requirement, the more important it is to
study history in search of useful analogies.7 The rationale for th.s
point of view is‘stated by Simon Kuznets in a somewhat broader context.
wWriting on the mett~dology of long-run eccnomic projection, Kuznets notes
that two conditions are always neceszary to any kind of projection. One
is that there must be an identifiable relation between the future and the
past. Two, tlere must be 2 mizizum of crder {= the past that cgn be trans-
lated into some specific pattern for the future.

In the case of military system analysis when costing a beyond-the-
state-of -the-art requirement, the generalized CER provides the analyst
with a frame of reference, a useful starting poinc. The generalized CER,
if it has been reliably derived, évitoaizes history, and if the anaiyst
rejects history, he is almost completely bergft of a base from which to
begin. The essential precaution that the analyst must, of course, observe
is that, vhen a requirement is beyond the state-of-the-art, the generalized
CER must be regarded as one important data input among several or many

rather than the one and only input or estimatving base.
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6.7 Summgry

The reliability of a completed system cost estimate is vitally dependent
on the validity snd relevance of the cost data inputs used to derive the
estimate. Accordingly, one of the most important functions of system cost
-cthodo;ogy is to guide the cost analyst in selécting the appropriate types
anﬁ quantities of data he needs ®o cstimate the costs §£ his systen.

One of the reasons that system cost estimating has been difficult in
the past is because historical cost data classified on a system ﬁasis |
have frequently been sparse, incomplete and non-comparable from system to
systexs and from one time period to another.

In custing s new system the cost analyst should draw upon as extensive
ana as coaprehensive a data base as possib'e. 1In seeking to expand his
data base he should look for analogies at the system element level --
subsystems, major activities, and major components. He sﬁouldextend his
search at the element level to ‘ncorporate systems difiering ir end-mission,
general requirements, and general configuration from those of the new
-jsteu he is costing.

The dynamic character of hilitary technology makes it irperative that
the cost analyst look beyond the realm of historical statistics to
incorporate subjective, expert opinion into his castfestimating base.

The cost analyst should be eclectic in searching out specific data
sources for a particular cost estimate since there are numerous official
and unofficial, formsl and informal, sources of system cost data.

The generalized cost estimating relationship (CER) is an invaluablé;
frequently an indispensible, tool in estimating future system costs. 1Its
main shortcoming, like that of other useful tools, is in its indiscriminate

spplications to problems that it was never intended to solve. More
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specifically, the generalized CER is almest always a useful input to a
cost éntiuting problem. 9n the other hand, only infrequchtlv is it
suitable as the sole input to an estimating prodlem.

A centrilized Data Rase System caz provide the cost analyst with
both more and better quality dsts and can also provide this cdata more
quickly than would be possible without this system. As such, it can be
an important means of securing the regular "feedback” so essential {f

system cost analysis is to become more of & science and less of an art.
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CHAPTER 7
- DERIVING THE COST ESTIMATE

7.1 Par meters of the Problem

7.1.1 Qbjective

Chapter 6, being concerned with the input side of the cost-estimating
ptoce:i, stresgéd the advantages to be gained in éollecting many and varied
types of data.

Chapter 7, on the other hand, might appropriately be subtitled "the
process of converting inputs into outputs” since the primary function of
this chapter will be to discuss the mechanics of melding heterogeneous
data inputs into an integrated estimated cost of a new system.

The "element” has been selected as the poiﬂt of reference for a
discussion of output methodology since a total system is normally costed
in terms of its constituent elements. In other words, this is an instance
vhere the whole equals the sum of its parts; if the elements are properly
and accurately costed, the total system cost will be correspondingly
reliable. |

7.1.2 Degree of Estimating Difficulty

As pointed out previously, all elements cannot be costed with equal
simplicity. The precision required in the completed estimate and the time
available to make the estimate are both relevant. The greater the pre-
cision required, the greater the difficulty of the estimating task. On
the other hand. the greater the time available, the less difficult is ic,
generaily, to achieve a given standard of accuracy.

" The nature of the dsta inputs available also influences the ease or

difficulty of the estimating task in several vays:
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the larger the mumber of data inputs (the more smple is the
estimating base), the easier is the estimating task. In other
words, it i{s normally easier to estimate from large data samples
than from small ones.

The more diverse is the estimating base, the more difficult is

it to meld the various inputs into an integrated estinate{ For
instance, it is normally more difficult to integrate a historical
CER with two informed opinions than it is to integrate threse
similar, historical experiences. '

The presumed validity of the estimating base is also pertinent.
The more accurately the available dats measures the phenonenn
they are intended to neasure; the more certainty with which these
inputs can be used as a future estimating base. /
The presumed relevance of the estimating base is similarly very
important. The more closely the performance and physical
characteristics of the new element resembles the performance and
physical clharacteristics of the elements in the estimating base,

the easier is it to meke a future estimate.

7.1.3 A Single Data Input
If there is only one data input -- if some past experience is con-

sidered to represent s true and complete anslog of the future element
being costed -- the estimating procedure is comparatively simple. 1In

essence it involves a bookkeeping transaction in wvhich the historical or
projected cost is located and transposed in a .atalogue fashion as the

cost of the future element.

Relatively frequently a single data input is iLsed as the anslogue

for estimating the future cost of an element of & new system. The most
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notable instance of this practice is the use of a generalized CER, e.g.,
overseas travel = $750 per man transported. If the cost element represents
a small percentage of the total system cost, and available evidence
indicates that the cost of the particular system for this ares of cost
-will parallel the genaralized past experience, such a practice is
legitimate.
7.1.4 Multiple Data Inputs
However, in many other cases the analyst must resort to multiple
dats inputs because: (1) no generalized CER has been developed‘, (2) the
future cost of the new system o;' element is expected to differ importantly
from the generalized past experience, usually because it ig functionally
or physicslly different from any previous system or element, (3)and/or the
item of cost is sufficiently large and its impact on the total system cost
sufficiently great that the analyst feels obliged to secure cost inputs

expréssly tailored to fit the new requirement.

As soon as there are two or more data inputs to a new estimate, a
problem of weighting develops. In a typical, relatively simple case, if
there are two current systems (A and B) whose annual operating cquip-ent
maintenance costs are regarded as being somewhat analogous to the anticipated
equipment maintensnce costs of a new system (C), a decision must be» made
on the proportionate weight to be given to the A and B apgriences.
respectively, in arrising at the maintengnce cost estimate for system C.

Many cost estimating problems are much more complex, especially if
the eclectic viev of data relevance recommended in C:apter 6 is adopted.

This point can be illustrated in terms of a hypothetical requirement to

estimste the annual maintenance cost of a nevw type of computer thzt hss

- e

many of the performance and design characteristics of numerous former,
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present-day, and projected computers. In this case, data inputs relative
to computer maintenance c;:lts could be extracteﬁ or acquired from govern-
ment and private historical recot&s. from contractor projections associated
with nev systems under development, from bid proposal (source selection)
cost estimates on other advanced 3ystems, from the "guesstimates™ of few
or many industry, non-profit, and government "experts”, etc. If an
aggressive effort were made, it would be easy to compile literally dozens
of historical and projected data points.
7.2 Elements of a Solution

" 7.2.1 The Basic Choice

As indicated sbove, there is no woiding the veighting decision when
there are multiple data inputs to a cost estimate. The analyst essentially
has two basic alternatives. lithet he does the weighting explicity or he
does it iwplicitly. His only choice is on the formality and rigor he
applies to the task, including the documentation. A decision to ignore
the problem and toweigh' every observation equally involves as compelling
& decision on the matter of input weighting as though days or weeks were
spent in devising san elaborate technique for making an explicit, methodical
weighting.

The basic methodological issue drawn in Chapter 1 between an implicit
approach vs. an explicit approach is novhere more sharply focused than on
this matter of input weighting. As discussed in Chapter 1, the primary

reason why implicit methodology is undesirable is that when the analyst

nses implicit methods to derive his cost estimate he foregoss the opportunity

both for an immediate check of his estimating rationale with other analysts

vhile the estimgte is being derived and for subsequent empirical verification

(feedback). An explicit procedure, on the other hand, discourages caprice
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‘in estinating costs and it provides the analyst with the opportunity both
to profit by his mistakes and to benefit from his good insights.
+ 7.2.2 XKindred Disciplines
System cost methodologists have rarely, if ever, discussed this
matter of input-data weighting in any formal sense. However, in several
kindred sreas military decini;'m nakers have encountered-the_ need to devise
relatively methodical (impersonal) weighting schemes for handling important
practical problems. |
Four instsnces may be cited:
a. Cost/effective analysis is one of the important new tools that ‘
bas been developed in recent years to lend more system and science
to the process of choosing among alternative military systems and
. system configurations. However, one of the major tasks involved
in the use of this tecbhiquel*is in devising criteria for defining,
evaluating, and weighting one kind or attribute of system per-
formance or effectiveness against another.
b. Policf and operating levels of the Defense Establistment, both
as high and low echelons, are constantly striving to impart 31;uter ‘
objeclivity to the Source Selection process of choosing military
tontractors. A major aspect of the research in this ares 1is in
finding more objective (ron-personal) mears of evaluating ard
' weighting one bidder's qualifications against another.?
c. The Department of Defense is in the process of establishing o
Contractor Performance Evaluation System. This system seeks to
rate objectively (impersonally) a contractor's success in meeting

the performance, cost. and schedule provisions of his contract.

Bowever, requirements in each of these areas are multi-dfiaensional,
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and one of the objectives of the CPE program is to provide an
explicit, systematic -ethadal::;} for weighting performance in
each of its constjtuent phases.3 |

d. The Department of Defense has been seeking more explicitlyvnon-

personal ci.terfa for determining contractor profit objectives

on military contracts. To provide for a more uniform inter-
pretation of the At;ud Services Procurement Regulations (ASPR)

‘by military procurement personnel, the Department of Defense has
developed a "Weighted Guideline System”™. This new system seeks

to spell out explicitly appropriate profit criteria and to provide
weighting to be' applied to these criteria under different
circunnunces.‘

The task of devising schemes for expiicitly weighting the data inputs
to a system cost estimate is, in some respects, methodologically similar
to the task of devising weighting schemes for the other military decision
areas referencad aboye. Since system cost -ethodol_ogist:, themselves,
have not yet established a data input.veighting scheme, they would probably
stand to benefit if they were to become familiar with both the problems

and the approaches to weighting devised in these somewhat kindred disciplines.

7.3 Illustrstive Weighting Format

7.3.1 The Advantages of Simplicity
There are two operations associated with establishing a data-input

weighting lc:h?ne. One is to establish criteria for assigning weights to
various cost inputs. The other is to devise formats or similar tools for
presenting the weights. The latter task will be discussed first.
Although weighting schemes in general can be =zde quite complex,
there are advantages in this case in keeping them as simple as possible,
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considering the time constraints that the cost analyst is usually confronted
with and the difficulties in collectiné,relevant data. The highly uncertain
nature of the input data, themselves, would belie a highly refined mechenics
for processing these daota.
?.3.2 Examples
The following hypothetical exsmple perhfps typifies the simplest trpe
of weighting format: |

Objective: To establish s basis for esLﬁ-ating the annual msintenance

costs of the mission equipment of a new system X.

Conditions: (1) The cosi is to be expressed as a percentage of thr

initial investment mission equipnént costs of system X.
(2) There are five cost ‘ata inputs to this estimate;
namely, the historical sncual mission equipment maintenance costs of

, . . o
systems A, B, C, D. and E. These historical costs have each been converted

i

to a percentage of 1nitisl investment costs.

The advantage of a2 relatively sinple fotnat like the following is

that it provides st least a start on a :che-e for arriving syste-atically

at a cost estimate. Such a format removes at least a part of the -yste;y

associated with purely implicit methods of converting cost inputs into
cost outputs. The format provides a partial answer to the question as io

how the analyat reached his conclusions; and in so doing, it furnishes +
:

i

basis for further inquiry.

7.4 Weighting Criteria
7.4.1 Seeking Objectivity

Of course, at very best, such a format ks ouly a start on an objeciive
weighting scheme. Ivo critical questions remsin to be answered; namely,

to take the first exsmple, how did the analyst decide upon the weights
111
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that he assigned to the cost experiences of systems A, B, C, D, and E and
wvhy did he select the cost experiences of systems A, B, C, D, and E to use
as analogs or data inputs to system X as opposed to the cost experiences
of some other systems?

Because of the critical importance of this issue in costing a military
system, it would be desirable to have completely explicit, non-personal
criteria fox_'.answ.ering these questions. Such objectivity can never be
completely attained because the criteria must be applied by an analyst to
fit each particular costing project, and this application cannot be
completely divorced from the judgment and temperament of the analyst. How-
ever, as his ideal the methoSologist should strive tn devise criteria that

will become increasingly insemsitive to the implicit personal vhims and

‘temperament of the analyst, and that, in effect, will insure that one type

of data will be weighted or rated more heavily than another under specified
conditions whatever the temperament or personality characteristics of the
analyst.

Illustrative of the types of criteria envisioned are the following.

7.4.2 Validity and Relevance

Each data input should be evaluated from two points of view, namely,
its validity and its relevance. Relgtive to validity, how accurately does
a piece of data measure the element or activity it purports to measure?
Concerning relevance, hov directly pertinent to a new system element is
the cost éxperince of a prior or current system? Generally, the weight
attached so a dats input should vary directly, both with the validity
and relevance of the data. A problem frequently is that data which have
had their validity firmly estsblished by substantial eapirical studies are

of limited relevance to a future requirement wvhereas a data input, such asa



guestimate of a specialist 1in a particular technological field may be
highly relevant, but lacking in any subscantisl confirmation of its
validity.

7.4.3 State-of-the-Art

Pursuing the preylous point, generzlly historical data should be
veighted more heivily than opinion if the goal is to estimate the cost of
an element whose technology lies within the current state-of-the-art. A
subtle qualification is that opinion merits an important weight even when
the probler is within the state-of-the-art if the source of the opini-e
is an acknowledged expert and he can show concrete evidence wvhy the
historical statistics d> not accurately measure the element they were
supposed to messure or he can present a convincing case why general price
level chsngees, learning curve phenonema, or other considerations wi;l alter
historical experience insofar as future cos%s are concerned.

If the goal is to estimate the cost of an element whose technology
lies beyond the current state-of-the-art, projected costs -- as defined in
Chzapter 6 -- gain in relative stature and weight as compared to historical
*tatiltic;. The further beyond the current state-of-the-art lies the
technology of a new requirement, the grester i; the importance that
attacﬁes to expert cpinions and projections as 3 data source. For instance,
consider the problems involved in estimating the computer maintenance costs
of a three generstion early warning system of increasing technological
sophistication. The historical data on the tosts of the basic Systea ‘0
will be heavily weighted in estimsting the costs of System Al. However, in
estimating the costs of System Az » the wveight attached to the historical
data on the basic System Aywill decline in relative importance, and gub-
stantial wveight will be attacheu to the projected costs of Sys*em ‘1’

115

D NNNN_————————




assuming that n: pistorical dats srve gvailable on Al vhen Az must be cost
estimated.

1.4.4 Supporting Evidence

Supporting evidence or outward symptoms of "quslity”, as demonstratel
by such things as documentation detail, should be used as a criterion to
weight both historical costs and expert opinions. For instance, one
objective (non-persounal) measure of "quality# is the currency of the input.
Thus, by and large, a later historical report on a given area of cost will
normalliy take precedence over an earlier report. Or, if the same expert
or two experts of equal competence estimate at six-month intervals a given
cost, the latest estimate will normally be rated more héavilf.

In cons 'dering the credence or weight to be attached to historical
deta, such considerations as sarple size, representativeness, and con-
sistency of relationship should be evaluafed. In other words, historical
data are frequently samples rather than a complete tally.5 In such cases
it is pertinent to inquire as to how many observations were in the sample
and how typical or represeﬁtative of the universe or population was the
sample. If the historicai experience is expressed as a single value, it
is pertinent to inquire as to how consistent a relationship, how much
dispersicn within the observed range, do the ravw data reveal.

In evaluating projected data, it is most important to avoid i:.ue
glibness relative to expert opinion. 1In this case, as with historical
data, it is well to look for objective evidence of careful research,
qualitative and quantitative, to support the opinion. ZEach expert shQuld
also be carefuily assessed on such bases as his reputation, the effort
applied in reaching the particular opinion, and what might be called his=

"consensus rating!. Thus, by virtue of their psst successes arnd failures
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in estinating future trends and costs, some experts haye developed greater
reputations than others, and thus shsuld dbe weighted nore‘heavily. Row-
ever, reputation is not a sole and sufficient criterion, and it is desirable
to differentiate among even acknowledged experts for the relative time and
effort they spent in making a p;rticular es;imate. Even the most experienced
suthorities have been known to make purely intuitive guesses when pressed
to do 8o or when time is short. Failing all else, there is some safety in
numbers. A ccnsensus of expe;t opinions is normally better than one, and |
especially when projecting advanced developments, one way of evaluating
an individual expert's opirion is the extent to which it is shared by his
colleagues.

The above criteriz are merely indicative of the type of weighting
criteria that might he developed to convert cost data inputs into cost
data outputs (system element costs). As indicated previously, extremely
little formal methodological research has been done on this very iméottant
step in estimating the costs of a military system. Like in the other
military applications of weighting methodology alluded to in Section 7.2.2,
further research in the reslm of cost-data-input weighting criteria should
be directed toward fin&ing increasingly more explicit and reproducible,
preferably quantiiealisve. measures or what are essentially qo.i.cative
phenomena.

75 The Prodlem of Uncertainty

751 Rature of Problem

One of the most baffling problems that frequently confronts s cost
analyst 1s how to make his cost estimates reflect the tremendous
uncertainties that often underlie his findings.7

Although the relative importance of minimizing uncertainty in the
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€os” estimate varies vith tie <lient’s intended application of the

estinate (Chaj.ter 2), it is giways desirible, vhatever the type of estimate,
t> reduce uncertainty. The importance of uncertainty lies In the
implication it has fcr the cifenc if the . L tz  aates he recefves are
seripusly in error. Since comparative costs are proper.y regarded as one
of the appropriate criteria in chéosing among systemn alternatives, a
seriously erroreous coit estimate can lead to seriously wrong choices

among system alternatives with the fesult of groas misallocations of
regsources gmong different programs.

7.5.2 Historical Record

In appr~aching the subject of uncertainty as it applies to system
cost estimating it is useful to examine the historical record concerning
the relative accuracy of system cost estimgtes in the pést. In some
cases data are too sparse to make a comprehensive examination; for instance,
large military electronl&s ivz'ems and space systems are too recent a
development to make definitive post-moftems of advanced systems cost
estimates completed to date. As far as thé writer knows, no one has, to
date, examined systematically the limited data that are available in these
fields.

As mentioned in Chapter 2, RAND has made a series of empiricail
studies covering aircraft and missile systems. The major findings of
these studies have been as follows: ‘

a. Many advanced system cost estimates have seriously erred.

b. Most of theze errors have been underestimates rather than over-

estimatas.

c. There has been quite a range in error from system to system. One

of the consequences of this wide range is that it is not practical
118




to avold seri~us errors i~ fut wre cost estinates rerely by.adding
a standard "fudge factor t. ai{ first-pa: co3t estimates.

To the extent that the ressons for past errors can be traced or
inferred, "requirements uncertainty”" far out ranks in importance
"cost eutimatlig uncertainty”. In other words, most cnsting
errors have bein due to the fact that the system céﬁfigutation
changed substa?tially £3 the system progressed from initial

concept through operating capability, not the fact that the cost

|
analyst wrongl* priced the resources cf the initfirl configuration.
As an illustraiion, it a serious error in the total system cost

could be traced to a majer error in personnel costs it would

normally be attributable to the fact that the cost analyst vas

proceeding from seriously mistaken information relative to the

types and numbers of personnel required rather than the fact

that be incorrectly costed an airman at $3,000 per year rather

than at $4.500. |

Additional RAND studie38 have shown that cost uncertainties and

probable errors in system costs are higﬁly correlated with:

(1) the stage of tbe system'i development during which the coit
estimate is made. The earlier in the system's development
cycle that the estimate {s made, the greater are the chances
of a serious costing error.

(2) the lengtﬁ of the system's development period. Systems with
long development periods are more susceptible to serious
costing eftors than are systems with short development periods.

(3) the degree of technological advance requicred. The gteiter

is the amount of technological advance required to satisfy
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the system's requiremente, :he greater are the chances of

&4 serious costing error.

However, as a practical matter it is generally hard to measure any

of these parameters at all precisely and, therefore, it is hard to use

these findings to guestimate how much uncertainty‘exists and how much

relative inaccuracy is likely to characterize any given cost estimate.

7.5.3 PFour Objectives

The cost analyst and his client are interested in doirz four things

about uncertainty:

A basic nbjective £ fding practically everything the cost ans’yst
does on a costing project is to reduce the uncertainty surrounding

his findings. He strives to end up at the conclusion of his study

' with a residuzl, hard-core uncertainty.

After he has done everything possible to minimize uncertainty,
the analyst wants to be in a bos;tion where he can sseess bgth
the nature and magnitude of the remaining uncertainty with
reasonable confidence. Actually, of course, he attacks this
"nature and magnitude” problam from the beginning of the study
{Chapter 2), becau#e-he cannot proceed systematically to redgce
uncertainty until he knows wherein it lies. The "nature" of
uncertainty refers here to such considerations as whether the
major uncertainty’is "configuration uncertaiﬁty"; as defined
above, or "cost estimating uncertainty”; also, it is concerned
with identifyfng which particular cost elements are charicterized
by the greatest uncertainty.

After he has clarified in his own mind the nature and magnitude

of the r~ezidual uncertainty, the analyst wants to _convey to his
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client as reaningfully as he can his (the 2nslyst's) knowledge
and feelings relative to this uncertainty.

d. Finally, {t is a joint responsidility of the cost analyst, the
cost methodologist and the client t> determine as specifically
as possible how this information concerning uacertainty can be
used to make better cost/effectiveness type decisions in system
selections than single-value estimates can provide.

7.5.4 Reducing Uncertainty

Since there is a close, inextricable conrection between uncertainty
and the accuracy of cost estimates all system cost methodology, including
the tutal content of this document, is addressed by implication toward
helping the cost analyst reduceluncertainty. For instance, the emphasis

- placed in Cnapter 3 on the analyst making the description of the system
to be costed an early snd continuing responsibility reflects the fact thst
historically most wrong <ost estirates can be traced to the difficulties

(uncertainties) associated with correctly describing the system to be

costed. : ' )w

7.5.5 Assessing Uncertainty i

As indicated in 7 5.3 bove, the task of pinpointi+g the nature grd
magnitude of uncertainty is a continuing task that the unalyst faces from
the beginning to the end of a study. 1f he has systematically attacked
his first task, nameiy, reaucing uncertainty, he will have progressed
;ovard assessing uncertsinty even {f he hss not been successful in actually
reducing this uncertaint’. 1In other words, he should hagve a fair under-
standing as to what . specifically, he is uncertain about.

At this point, hovever, a word of caution is required. 1In practice,

these element-bv-element uncertu.inty sssessments are likely to be highly
121
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personalized in terms of the temperament or even the temporary mood of the
analyst. Thus, two different analysts when confronted with the same set
of data inputs are lisble to arrive at vastly different uncertainty
assessments, and even the same analyst, depending upon his temporary
mood, may arrive at much different uncertainty assessments. The almost
inherent capriciousness of this undertaking is a major obstacle towerd
ayitematizing the process of cost estimating. To the extent that this
capriciousness is not dealt with, the uncertainty assessments may do as
much harm as good, especially if the analyst and client both place any LW
substantial confidence in these assessments.

There is really only one way, known to the writer, of reducing
capriciousness and intuition in this ares. This is to aim for greater
explicitness and replicability in deriving and documenting the rationale
supporting uncertainty assessments. The basic characteristics and
"i11lustrative examples of this explicitnesé for single Qalue estimates
were outlined ﬁarlier in this chapter. Elements of this explicitness |
wvere contninedﬁin the RAND ”Delpﬁi" experiments cited un page 117 of this |
chapter. Operd%ionally xhat {1 -2a0s '« that the cost analvst should
strive to luppﬂlt both logically and empirically the judgments that he |
reaches relative to his uncertainty assessments. . Tha value of this
exercise, as explained previouslw, f{s that it facilitates a check for
reasonableness and consistency both immediately by the cost analyst,
‘himself, and by his colleagues on the project, and g2lso improves the chances
of long-term learning from subiequent fesdback informat‘on.

But there is still another problem. Usually, the analyst's knowiedge
or feeiingl relative to uncertainty will de particularized by elements {

since, as noted previnusly, most systems are costed in terms of their
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constituent elements. A remaining task is to translate and consolidate
these sepavate element uncertainties into an integra-ed expression of the
uncertainty in the totsl system cost estimate. Even if the analyst has
succeeded in qugnt"ying his uncertainties on an el ement by element basis
into a range of costs for each element, it is not legitimate to dérive an
assessment of uncertainty in the total syster cost estimate merely bf a
straight addition of the ranges for the individual elements.

Potentially. this consolidation of individual element uncertainties
into an integrated uncertainty assessment for the total cost estimate
provides another tield-day opportuﬁity for subjective,‘intuitive estimating.
Fortunately, however, it is not necessary to resort to intuition to make

this integration, provided it is possible to quantify the individual

element|yncertainties irtc a probability distributicn. 1If it is possible
© 80 quantify the individual element uﬁcertainties, techniques have been
developed which make it possible to calculate in a completely explicit,
reproducible (non-personnal) fashion a quantitative estimate of the
uncertainty in the total system cost estirate.

..%.6 Expressing Uncertainty

Restating the third task. after the analyst has clarified in his own
mind, the nsture and magnitude of the residual uncertainty, he wants to
find 8 means of conveying this knowledge to his client as meaningfully as
he can. |

There are various means the analyst can employ to convey his knowledge
relative to uncertainty. Most of them involve probabilistic statements
and they are mainly differentiated by their degree of specificity. This
differentiation may be {llustrated by the fcllowing hypothetical example,

beginning with the single value estimate with no uncertainty assessment.
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"expressions have the same meaning

as in 4 above.

EXPRASSION FORM
System A is estimated to cost $15M.

System A §s estimated to cost $15M;
however, the analyst is not sure

(uncertain) about the figuce.

System A is estimated to cost
between $11M and $19M.

There is a "strong probability”
that System A's cost will be:
$11M - $15M - $19M. The $15M is
some measure of central tendency
(mean, mode or mean). The $11M
and $19M are the estimated lower
and upper cost limits. |

With a .95 probability, System
A's cost is estimated: $11M -
$15M - $19M. The numerical

Probability

Cost
124

DEGREE OF SPECIFICITY

No uncertainty expression.

A vague qualitative expression

of uncertainty is given,

A range is given to express the

‘magnitude of uncertainty. How-

ever, no probability information
is given; it is not stgted
wvhether the analyst believes
there is a 1%, a 10% or a 1002
chance that the cost will fall
between $11M and $19M, nor s

it indicated whether the cost

is likely to be closer to $11M
or $19M.

An adjective descriptor s added
to convey a rough indication of
probability.

The adjective descriptor is
replaced by the more definitive

numeral.

A complete probability distribu-
tion 1is given, and this is
depictel by a curve. (Both the
problems in getting the Case 6
type information and the amoint
of additional information pro-
vided by Case 6 are of a greater
magnitude vs Case 5 than Case 5
is vs Case 4, Case 4 i3 vs

Case 3}, etc.)




The abrve examples ar provided werely to illustrate some of the

types >f uncertainty expressions that migh: be emgloyed. Many variants

of the above tvpes plus v her basic types m:ght also dbe used. For instance,

a minor variant of Exsmple 3 above would ~clude a measure of cencral
tendency as well as the two juter limits. Another method would be to
express the ringe 1n stsndard deviation ur‘rs measuced from some measure

of central tendency Other measures -- short 5f a compiete frequency

distribution -- z&uld ﬁebiéim;ﬁém}gidfiiéﬁ;;;xQﬁéﬁﬁEQQMBQV"péikednéss”,

(xurtosis) of the dis:iibutton; also a "tail prodability” could be used
to indicate the upper >r lower limits of the distributién. The preferred
uegsure in aﬁy giveh study woulu depend upon the type of information

available to the analyst the client's intended use cof the estimate, and

the client's relaive Iamillafity with statiitical methods.

7.5.7 Msing Uncertainty Assessments

In the past, system cost methodologists have seldom spécified how
probabilistic cost estimates or other uncertainty aélessﬂents‘could be
used‘to make better system choice decisions than cbﬁld”§ingle value

estimates. (Raiffs and Schlaiffer have, however, treated similar problems

" in a more general ciﬁiext)loi; thefiiaéwtokiﬁf;déGliidi”ihkéfi"fféq&ihtIim“

have an inherent btas'ggaiﬁst prabgbilxstic answers. Tﬁe dg@is;gn maker,
himself, normally has to make single-vaslue type system proposals to bis‘
superiors, e;g., requests-to Congress for funding must be for a specified
number of dollars. ﬁaleover, even in planning type problems, pr:bﬁbill:tlc
cost estimates usually complicate the decision, they never simplify it.

Por instance, in the'following cxample it is assumed that slternative
systems A and B ;fier equivalunt effectiveness for meeting & specified

requirement.
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Single Probabilistic

System Value Estimate
Estimate . (95% range)
A $15M ‘ $12 - 15 - 18
B $13M : $10 - 13 - 20

Whereas the single value estimate clearly.suggest: System B, the
probabilistic estimate offers no élear mandgte.

Notwithstanding its tendency to complicate the deciﬁion problem,
probabilistic estimates offer both tangible and intangible advantages
over single value estimates. 1In the first place, the additional infor-
mation provided by a probability estimate may cause a decision maker to
make a different, and vhat he tegérds as a sounder and safer, decision
than a single value estimate would. This is likely to be true, for
instance, vhen a decision maker has a upper 1imit cost‘threshold. In the
following illustration it is postulated Systems A and B offer equal
effectiveness and tﬁat under no circumstances does the decision maker want

to spend more than $184 on the proposed system.

Cost ‘ Probabilities
in M$ System A System B
under 12.1 0.3 0.3
12.1 - 15.0 - 0.4 0.3
15.1 - 18.0 0.3 0.3
18.1 + over 0 0.1
Sing;:tV¢1ue $15% $14M

In view of the upper limit cost threshold constraint, Systxm A may be
a preferred choice over B. This insight would be forthcoming from the

probabilistic cost estimate; it would not be revealed by the single value
estimate. 126




Second, even when a decicion va’~r must furnish to his superiors a
single vaiue cost ustizate. a proYabilistic cost estimate can be a very
useful input to bim, especially if the distgibution }i'upwardly skewed,
in suggesting that provision be made for either an axplicit or implicit
allowance for contingencies. While the probsbilistic estimates can dbe a
useful input ts tke decision maker in establinbing his contingency
allowance. there is no way to establish the amcunt of this allowance spart
from the client's loss ;tructurc (Loss structure is defined here as the
utilxﬁy or disutility a client assigns to various types, magnitudes, and
timings of possible cost outcomes or expenditures ) Tf the client puts a
wery high premium or not runn;ng short of funds, if he does not want to
risk a program's chances of a aoﬁné development for want of funds, he
will set a bigh contingercy sllowance. On the other hand, he may also
feel that i{f he establishes the contingency ailowance at & very high figure,
the total system c&st may be so bigh that DOD may disspprove the program.
Only he can balince the two and resolve the issue.

Third, probsbilistic cost cstimates generated as aniinput to a planning
type decision may on occasion suggest to the decision maker that he really
does not have sufficient faformstion to make a choice among his existing
alternatives 1In other ;ords, the probabilistic estimates may suggest that
the uncertainties are so great and the choice samong the alternatives so
inconclusive that the best decision would be to buy more information, to
do additional resezith to clear up some of the uncertainties relstive to
existing alternatives or to uncover or create new slternatives that Qould
be superior on a cost/effectiveness basis to any existing alteranatives.
Again, the simpler arswers provided by the single value estimates voula

mislead the decision maker ™. following example illustrates this point.
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To highlight the issue it ha3 been assumed that effectiveness as well as

cost is subject to uncertainty, a not at all unrealistic premise,

Single Value Probabfilistic
System Eatimates Estimates
(95% range)
Rffectiveness | Cost Effectiveness Cost ‘
A 109 $15M 70 - 100 - 11C | S13M - 154 - 20M
] 1+ $17d . 75 - 90 - 120 § $134 - 1M - 2IM

(Raiffa and Schlaiffer have devised a2 method for guiding the decision
maker under certain circumstances to decide how much money it is worth
spending to buy additional information. provided the client can spell out
in sufficient detoil his loss structure (how much ubecific types of
information would be worth to him, etc.) and his cost distribution.)

Pourth, probabilistic cost estimstes are valuable in that they prod
decision mgkers to think more thoroughly about the full implications of
the decisions they have to make. For instance. the range of possibilities
posed by he ﬁrobabilistic tyoe data exhibited in the table above
is much more likely to lead a decision maker to examine and formulate the
details of his loss structure than {s a single velue estimate. Finally,
having been alerted to the specific uncertainties underlying the dats on
vhich he must make his decision, the military planner is much more likely
to mske flexible type decisions, is much less likely to be "caught flat-
!ootgd” if subsequgnt experience disprovea the most likely estimate, and
to be ready with slternative, contingent plans that will minimize his
reslignaent losses.

Arothar means available to the analyst of attacking the uncerteinty
problem and of communicating the resource implications of this uncertainty
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to his client {s through cost sensitivity studies. Through these studies

a cost analyst can i2form his client vh-tlis iikely to be the impact on
totsl system costs (the range of costs) from varying key systems perfurmance
or design parameters throuzgh & specified set of alternatives. This type

of information will, for instance, tell g client how much, at worst, he may
be hurt by the residual uncertainty in his svstem, and‘lt can help him
decide whether to buy more informatfon, to retain the status quo, etc.

7.6 Computerized Cost Models

7.6 1 Defiuitions

A number of computerized cost models have been developed to fccilitaté
«he process of estimating a system’s costs. No attempt will be mede fn this
document to review in any detail the characteristics of these models since
a mere cescription of any one of them would take maﬁy pages. However, it
is pertinent to highlight some of the major advantages and limitations of
such models, and to discuss the conditions under which they are likely to
be most useful.

Practically all system cost estimating models consist of a series of
statistical equ;tions or cosi estimating relationships which relate various.
types of costs to each other and various types of costs to selected per-
formance or design psrameters When the estimating process is computerized,
the computer model is used to cunvert these various input relatfonships into
an output, a system cost estimate

In this paper th: discusaion will focus on a computer cost model
developed by MITRE to cost electronic systems. However, many of the
advantages and limitations of this model also are characteristic of other
types of cost codels. A_deta'lcd description of the MITRE cost model is

contained in the paper by T. Jannsen, H. Glazer, and J. DesRoches referenced
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in Chapter & (page 71, footnote 2). This ﬁodel, wvhen fufnhhed vith the
'uccuury fnput data, including a description of the system i;\ terms of
its eloments, the statistical (cost) relationships dbetween these elements,
and a description of the output tables desired, will automatically calculate
and print the desired cost estimates. Many of the required inputs are
foutlhely ntvored within the model and the analyst selects the appropriate
ones or inserts new ones into the model when he wishes to make an estimate.

7.6.2 BExplicitness |

Because a coiputer cen only accept expressly defined and quantitively
‘stated inputs, the decision to uie a cost model sutomatically imposes on
the anaiyst a requirement to be more explicit and systematic in working
out and documenting his cost estimating methodology than -ight be the case
if the mechanics of his estimating procedure were purely manual. 1In this
sense & cost model contributes to a realization of the advantages of
systematic analysis expounded in this paper.

However, this point should not be pushed too far. Although the ucé
of a model requires an explicit statement of the various inputs used, a
computerized procedure, no more than a manual proredure, can insure that
these inputs are derived in an explicit, replicadle fashion. Hiitoricelly,
much of the most dameging implicitness of manual costing procedures arise
in conneition with the derivation of the estimating relationships, and no
computer model, per se, can correct this condition.

7.6.3 g_i_-_c_h_\_v_i_g

It is in the reslm of saving time in calculatiag and printing the cost
findings that potentisliy a computerized cost model offers its greatest
potential advaentage. To the extent that it does so, a c@uterhed model

can make it possidle for the estimating steff to spend relatively more time
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in analyzing the cost results as opposed to routine proccsscs of calculating
and printing such results. This adventage is likely to be most evident,

of course, vhen the arithmetic calculation work is very lazge. Most notebly
this is the case in coast sensitivity studies for orientirg the system
design in advanced planning projects. In such cases a computcrli:d mode._
makes it pocsible to proceed quickly through many cost iteraticns to |
ascertain the impact on total system cost of varying the vi.b-v oi selected
systun performance or design parameters Siﬁilér advantages accrue in

force structure analysis vhen it becomes necessary to make an element-by-
clement estimate concurrently of several hundred different'systems.

Two cautions should be noted, however, in this connection. First, a
certain amount of set-up time {s usually required to compd:crize the
estirating procedure of a particular problem. Unless the total calculation
workiload is substantial, the total time required to process an estimate
through a coﬁputerized model may be as great or greater than for a manual
custing operation in which a desk calculatot is used for the arithmetic
operations. In practice, very many Jdystem cost projects require a relatively
small calculating workload in which the estimzsting relationships used are
very simple linear factors. 1In such cases a computerized cost model wili
not save time in calculating a system's cost.

Second, when a computerized procedure dies save time, it is mostly in
the rcalm of relatively rcutine tasks -- arithmetic calculation, printing,
and reproduction. Most of the existing computerized cost models usually
do not save time in areas where an analyst spends most of his time -~
defining the requiremen£ and configuration to be costed, collecting and

evaluating his cost inputs, and writing and interpreting his narrative

report.
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7.0.4 Preseatation
Chapter 9 vill discuss in some detail the importance of proper
presentation of the cost findings tu the client and the problems {n doing
80. It is relevant here, however, to comment briefly on the suitability
of the computer printout as a presentstion format. 1In some quarters the

high respect accorded generally to the computer as s powerful research tool

way generate in the mind of the client a high-order confidence, sometimes

unwarranted, for the cost findings, themselves. On the other hand, some
clients find it more difficult to follow the computer printouts than
a simple, typewritten page. When this is the case, the computer presentation
may hinder the analyst in effectively communicating his findings to his
ciient. |

In summary, a computerized cost model, like other cost snalysis tools
(standardized cost structures, generalized cost estimating relationships,
and techniques to assess and express uncertainty), can be a powerful
fnsea;;h tool {f used with discrimination. It {s not, however, a general
purpose tool suitable for all occasions.
7.7 Suomary

This chapter has been concerned with the mechanics of conmverting cost
data lhputs into cost element estinnte;. It has been noted that the com-
plexity of this operation is a function primarily of the number, diversity,
validity, and relevance of the data inputs to the new element being costed.

Whenever the analyst has two or more data inputs relating to a cost
element , he must weight these inputs in reaching his estimatc of the cost
of the new element. If this weighting is to be done objectively, rather
than lubjecti#ily, two methodological steps must be taken. COne, relatively

explicit, measureable criteria must be established for accomplishing this
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weighting. Second, ¢ formst must be established for combining and disclaying
or documenting the wveighting determinations. Illustrati e criteria and’
formats have daon discussed ia this chapter.

The prodlem of hsndling uncertainty i{s one of the most difficult
confronting the cost anslyst. There gre four facets of this problem:
Bov to reduce uncertainty, how to essess ito nature and megnitude, how
the analyst can mesningfully communicate his findings relative to uncertainty
to his client, and how the client can use these \mcelrtainty assessments to
muke better cost/effeciiveness decisionsg than can single value estimates.

A computcr cost model will save sudstantial th and offer other
related advantages wvhen the arithmetic workload in calculating a system's

cost is substantial such as in cost sensitivity studies and force structure

analysis.
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CHAPTER 8

- ESTIMATING CERTAIN HARD.-TO-MEASURE COSTS

8.1 The Conceptual Issue

Tha praceding seversl chapters have been concerned essentially with

how best to measure the generally 1s-ognized direct mission cost elements
of a systea. lUllustrative of such cost elements would be the purchase
ecast of an electronic computer t0 ssrve as a major mission element of &
system, the costs associatad with hltin; a private contractor to
initislly write and periodically up-date the conputef program esgentisl
to the use of this computer, and the construcfion of & new building in
vhich to house this computer. Wo one duestionn that any of these costs
are legitimate costs of the hypothetical systam. Metliodological or
procedural qu‘itiono are concerred princ’pally with the most accurate
end expeditious means of estiumsting these costs 3 to 10 years before
the system becowes operational.

In this chapter the diccuoaibn returns to a question alluded to in
Chagter 2, namely, how should cost be defined, i.e., what types of cost
sheuld be fnciuded or excluded from the definition? The issue probabﬁ |
esn bde apitani:od {n a distinction betwesen the two basic concepts of cost
41ecussed in Chaptar 2 nemely, the distinction between a cash-flow
concept sppropriate for funding type decisions and & value-flow concept
appropriste for planning (choice-among-glternatives) type decisjons. The
value-flow concept contends that in order to obtain a complete and true
msseure of the total resource 1ipact of a system alternative, it {is
frequently necessary to include as important costs certain elemsnts not
reflected in the fiow of funde required to develop, scquire, and operate

a tem.
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Conceptually, soms of these costs are akin to what economiete heve
termed "external gconomies and diseconcmies.” Hitch and HcXean, borrow-
fng a term from J, M. Buchanan, call thssa ccats "cplllovcrl."l Soms of
these costs also derive from the econom{st's noticn of an opportunity
- cost in tha sense that & decision to use 8 scarce,valusdle multi-purpose
resovrce in ons way precludes i{ts use in other altsrnative, produciive
ewployments, Accountants sight label some of these costs as irputed
costs in the sense that some activities of System A indirectly have re-
source-oriented implications or reactiime on anothct System B witkout
directly and nocc.oirily causing 8 change in the funding to System

The main concern of the present chapter will be to discuss the
problems involved in identifying scee of these value-flow type coste

and in measuring them once identified.

8.2 Hard-To-Messure Cocts
8.2.1 Inherited Asaets

A nev system frequently "inherits” some of the resources required
for its development and operation from other systems previously or
currently deemphasized or phesed out of the military force.

A cost estimate prepared for funding purposes vill not include a
charge for inherited assets, pqr se, because the assets were paid for
by the previous usar., In other worde, nc nev funding is imvolved,
except perhaps to repcir, modify or transport the asset to the new
user,

However. {f the objective is to prepare an estimate of the total
real cost impect of a system and to use this cost estimste a3 one

criterion in evalustiang the sudbjact system competitively against other

' systems as a means of sccomplishing a given mission or of enhencing the
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nation's militarv posture most cost methodologists would agree that
under certain conditions the cost estimate should include some charge
for inherited assets.

The rationale for this principle is an outgrowth of the neo-
classical economics concept of "opportunity costs” and has been
recommended by many authorities as applicable in civilian costing
as well as -1lxrarv.2 In effect the principle states khaf the true
cost of a resource used in one employment is represented by the
foregone oppcrtunities of using that resource elsewhere. Hitch and
McKean 1n discussing 1ts application to military systems costiné
have coined the term "alternative use" prlnciple.3 The conceptual
and empirical ramifizations of this doctrine will be discussed later.

8.2.2 Shared Assets

A new system may not require the full and exclusive use of all of
the resources contributing to tts effectiv?ness. In other words, a
system will normally share with other systems the services of certain
mission-type or sup,ort assets. An example of shared mission-oriented
assets would be communication lines functioning as subsystems of two
or more systems. On the other hand, support type assets or services
can be at either hignh or low echelons of authority. for Air Force
systems examples of nigh-level support services are those pfovided
by Headquarters ('SAF, AFSC, AFLC, AIC, the Afir University, and the
Office of Aerospace Research. Examples of low echelon support activities
on the post, camp. or station level are the mail service, dispensary,
and commissary.

Once again, a funding esi. .1te prepared 1n support of a given system

frequently will not include a charge for such services because the total
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funding requiremen-.s for such activities are financed on a consolidated
basis through other echelons.

However, resources consumed in providing such juint services are {n
principle as much a drain on the Defense budget and on the gross national
product as are those directed to meeting thc exc lusive requirements of a
system, Again for the purpose of estimating the total cust impact of
a new system {n order to evaluate 1t on & cost/effectiveness basis
against other systems, there is no rntionai reasoﬁ for ignorlpg such
costc, There are, however, real practical problems in identifying and
measuring these costs in a system context and they will be considered
lacer.

8.2.3 Pixed Supply Assets

The level of Defense Department expenditufes for certain very im-
portant classes of resources are comparatively insensitive to the
tejuirements of a particular system for these resources. For instance,
Congress d2cides on the total size of the milictary force and on the
respective strengths of esach Service (Army Navy,K and Air Porce)
substantially independently of the anticipated needs of particular
"systems’ or "program elements" for.nilitury persennel. Thus, in recent
years for diverse and complex reasoas Congress has set the size of the
total Armed Forces st approximately 2,500,000 military personnel and the
Air Force at 800.000 - 900,000 mflitary personnel, The particular
strengths authorized were substantially uninfluenced by whether electronic
system XYZ anticipated a need for 1,000 men or 5,000 men.

Similarly. in terms of budget procedures, military personnel ex-
penditures are funded on & consolidated basis and the funding estimate
prepared on the lower echelon s’stem level normally does not include
military personnel costs. However, higher echélons of the Air Porce and

the Department of Defense try to allow for such costs in evaluating
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alternative system proposals, ﬁcadquartcrs USAF, for instance, adds
military personnel costs to the PSPP (Proposed System Package rrograun)
before submitting the programs to DOD for approval,

Again, as in the case of support costs, if the cost estimate is
intended as an input to a planning type decision, it is appropriate to
take &ccount of the comparative military personnel requirements of the
several alternstive systems., However, there are practical problems in
doing so, and these, too, will be discussed lzter;

8.2.4 Salvage Vaiucs

A rationally (economically) motivated private consumer does not
ignore the potential eventual trade-in value of an automobile when
he estimates what will be the real, net costs to hip of owning an
automobile or in making a choice among different sutomobiles.

Similarly, in estimating the real costs of his alternativeksy:tens,
a rationally (economically) motivated military decision msker should not
ignore the differences in potential salvage values that his various
system alternatives may of fer when they are eventually discontinued.

For i1nstance, if System A costs $50,007,000 and has anticipated
salvage values co successor systems of $10,000,000, its net cost is
$40,000,000, On the other hand, if System B costs $60 000,000 and has
anticipated salvage values to successor systems of $25,000,000, its net
cost is $35,000 000. 1In effect, the real resource drain of System B is
less than A even though its initial gross costs are greater.

The foregoing type considerations are not germane whon calculating
the short-term funding requirements of a particular system, They are,
however, pertinent when the ob’ ctive {s to make optimm use of the
Department of Defense total resources in & long-term context, The

difficulties of implementing this guidance will be discussed later.
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8.2.5 Spillovars

A leading characteristic of large military systems is the close
functional inter-mesh and great operational interdependency among such
systems, In costing a system for planning purposes - when the objective
is to estimate the total real net costs of a lysfem - the cost anslyst
should be alert to the possibility that the introduction of a new system
can indirectly give rise to either increases or decreases in the custs
of other, related systems, Once sgain from the point of view of ex-
tracting the most milesge froo the defense dollar with the objective of
securing the strongest possible total military posture, these spillovers
should be considered in evaluating system alternatives.

Illuscrative of the spillover phenomenon, in one MITRE cost study
it was found that a contemplated, new comand and control system would
make it possible to eliminate the survivability requirement, and hence
to reduce the costs, of & previously approved major system,

8.3 Data Problems

There are many important and difficult empirical problems associated .
with estimating the system non-funding type costs discussed in Section 8.2.

8.3.1 The Magnitude Issue

There is, first, a need for much fuller informstion concerning the
relative quantitative significance of system non-funding type costs to
t ¢« total milictary decision problem. It is importaant to know this
information because the potential error in the total system cost estimate
that an improper handling of these costs can cause depends to a large
extent on the relative percentage that these costs represent of totai
system costs.

a. Inherited assets and salvage values are a case in point,

It is known that the Department of Defense holds title

to truly tremendous assets; Secretary of Defense,
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Robert McNamara, has estimated the value of these assets
at $200,000,000,000. It is alsc general knowledge fhat
period.cally old systems are retired, new ones introduced,
and existing systems modified, with the life of the average
sysZem probably under ten years, In this dynamic situation
there i1s certainly some transfer of assets from one system
to another. On the other hand, it is certlin that some,
-nybe many of these systeﬁ assets consist of highly
specialized equipment with a zero or very low alternative
use value. This writer, houever; has been unable to learn
how much transfer of assets in the aggregate from one system
to another actually cccurs.' | |

b. It would also be useful to have a "ball park" order-of-
magnitude estimate on the relative percentage of the total
Defense budget thac coﬁld be ascribed as direct mission
costs, low level support, intermediate level support, and
high level support.“ These figures would give a general
clue concerning the relative importance of accurately esti-

mecing the support costs of alternative systems.

*

Specific cases can be cited, however. For instance, $45,000,000 (original
cost) of radar and related equipment released by the Army's Nike-Ajax
system was distributed among & host of different agencies:

Air Force Misgsile Center, Cape Canaveral

Maval Ordnance Test Station, China Lake, California
Naval Air Test Center, Patuxent River, Maryland
Naval Research Laboratory, Washington

Air Defense Engineering Agency, Fort Mesde, Maryland
NASA, Langley Field, Virginia

MASA, Wallops Island, Virginia
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c. Thclinportlnce of the military personnel component

of the "fixed supply” type of asset is fairly well

established in the broad aggregate; roughly 25% of

the $50,000,000,000 Defense Budget is for military

personnel costs.
8.3.2 Lgck of Integrated Records
As far as the writer knows, there is at the present time no compre-
" hensive, centralized program - official or unofficial - for collecting
wuch of the specific types of information needed for estimating the
system-non-funding costs identified in Section 8.2. There i{s, for
instance, no centralized program within the Department of Defense that
summarizes whaé_inherited assets are potentially availzble to a praposed
new sys-em, that identifiss the msjor potential competing systems that
could use given assets, and estimates the "alternative use” value of
these assets to each of the potential users.

8.3.3 Dissemination Problem

There are also practical, administrative problems connected vi:ﬁ
disseminating this non-funding type of information - if it were available -
to the personnel responsible for initially generating system cost estimates.
The a!ternative-une costs, high level support costs, spillover costs, and
other non-funding costs described in this chapter are what economists call
"macro-economic"” data; they imply an intimate knowledze of the totral
military force structure, not only current dut projected. System cost
estimates, on the other hand, are initially prepared on a "micro™ ot
relatively low echelon level. The micro anslysts normally have a rather

fragmentized knowledge of the macro state of affairs, and {t would tale

some major realignment in such considerations as “privileged information"
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and "need to know" to make this mséro-type information available to the
micro analysts, even assuming that higher cchelons were to collect and
consolidate it in a fora that would be useful as inpu:n'to the individual
system cost study.

8.3.64 The Meaningful Data Problem

Answers to many of the cost questions raised in this chapter are
inherently elusive, so ihat the problems even in the long run of obtain-
ing llaningfui data are great:

8.3.4.1 Delayed, Oblique Costs. The cost impacts referenced in
this chapter are often delayed and oblique, and sccordingly, very hard to
measure. Por instance, salvage values estimates must be projected 5 to
15 years into the future and inevitably are enmeshed in great uncertainties
relative to the nature of the requirements of the successor system.
Additionslly, in a strict sense, salvage values should de "discounted”
to present value before incorporating them into a system cost estimate,
However, the practical problems involved in selecting defensible,
empirical-oriented discount rates are fér-i@ablc.

Similarly, support cost impacts, especially high level support, are
oblique, and are filtered through several or many administrative echelons.
Contrast the difficulties in measuring these types of cost with the
relatively immediate and straightforward costing of the construction of
a direct mission buildidh, the purchase of a certain plece of mission
equipment, or the hiring of direct operating civilian persomnel for a
perticular systea, |

8.3.4.2 Biased Costs. Another data complication is that the major
potential data sources for the required informstion are both highly

subjective snd inevitably biased. For instance, in ectimating the
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alternative use value of an inherited asset, it would certainly bde

necessary to obtain, or at least check, such values with the potential

ugsers of the assets. However, a potential user is likely to formulate

his "official” estimate of the value of an inherited ssset to him in
terms of his political strategy for winuing custody of the asset in
competition viFh other potential users.

!i-ilnrlJ, in estimating the rescurce impact of & nev system on
certain fixed supply or shared assets, it would seem logical to request
the agency prﬁvlding the service for a stitcunnt of its ability to
absord nddltiénnl workload without a commensurate increase in staffing.

However, {t v&uld be naive to expect an unbiased answer from such

agencies.

8.3.4.3 Hypothetical Costs. Apart from §h¢ llttc; of bias, many
of the cost impact questions raised in this chapter are basically |
hypothetical or conjectural, rather than strictly empirical. Por
instance, the "idle capacity” question raised in the case of fl;nd
supply or -ha;ed assets, provides a "field day” opportunity for specu-
lation as to vhat would be the level 6{ utilizatfon of the service and
the quality of service rendefed to other users if the new sylécm were
not introduced., The question is such that even an entirely undiased
observer vould have difficulty in formulating impersonal answers.
8.4 General Ground Rules

8.4.1 Pienise

The vory‘-etiouo data prodlems, referenced above, markedly liiicv
the sbility of an analyst to provide in a planning type estimate for
tne system non-funding type costs discussed in this chapter. However,

in this connection s statement by Charles BE. Hitch is relevant, In
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discussing why it is important to estimste the total, rather than the
partial, cént impect of a system h; said:
While the accuracy with which wa can predict such
costs may leave something to be desired, it is
clear that at least trying to take such factors
into account {s preferable to ignoring them.s
Although the problems of fdentification and -easureient are d;fficult,
they are not hopeless, and certain guidance, both general and specific,
can be suggested as a start toward a set of principles for l}sten‘tictlly
handling these costs in a planning type study. The general guidance will
be reviewed first.
8.4.2 1Identification
An snalyst responsible for maxing a planning-decision cost estimate
should be acutely alert to the following: one, there are many ways in
which “real™ costs can be generated that differ fundaientaiiy from those
included in a funding estimate. 7Two, the relevance of a particular type
of cost to a system decision and the desirability of taking that cost into
positive consideration is not necesiattly associated with the ease of
measuring that cost. Accofdﬁngly, the cost analyst in estimating a
system's cost should not ignore or sssume away vhole areas of costs morely
because they are hard to measure.
If the analyst discovers or suspects certaiﬁ hard-to-measure, po-
tentially significant, oblique, indirecf areas of cost in the process
of his study, he should include them in his report to his client. If he
cannot quantify such costs, he should make a descriptive no : of them.

His client or a higher echelon officg if alerted to them, may be able to

qusntify them. 146




Bveu if these indirect costs cannot be quantified, a knowledge of
their exiatence may etill be {mportant. Thus, if two system alternatives,
A and B, offer equivalent total effectiveness ard equivalent monetary,
funded costs, but B involves substantial, indirect, ron-funding costs
and A does not, A would be preferred.

8.4.3 Incremsntal Cost Concepg ,

It will de recalled that {n Chapter 2 tie point vas made that in &
planning type estimate it is appropriate to omit certain cost elements
shen the omission has a neutral cost impact on the comparative costs of
the system alternatives under consideration and on the decision to be
made Thus, if two system alternatives would involve identical research
and development costs, it is legitimate to omit the research and
development costs froﬁ the analysis, and to make the decision solely in
terms of the comparative {nvestment and operating costs.

This way of looking at the analysis problem has been generalized
into what has been termed the incremental cost concepts, and it provides
a useful operating criterion in deriving planning type costing estimates,
In effect, this concept states that a plnnniAg type estimate should
include only the incremental costs of a systen decision, the costs
specifically generated by the system decisio% and which could ba avoided
1f it ware decided to forego that system decision. This concept stresses
the principal of "total cost impact” rather than total costs, per se.

Sometimes incremental costs are simply defined as future costs,
Strictly speaking, this is incorrect. An incremental analysis can be
made in whicsh the previously defined system capability is an already

approved level of future capadbility. In this situation the costs to

cover this previously defined system capability would not be incramsntal
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costs, For iﬁstancc, the Secretary of Defense may have approved an
expendfture of $50,000,000 for FY 1965 to cover &n X level capabiiity
for system 462L, He may request an incremental coct estimate to help
him decide whether the FY 1965 expenditures for this system should be
increased to $75,000,000 in order to increase the capebility of the
system tv ZX. Although the full $75,000,000 is a future cost, only
$25,000,000 is an incremental ccst in this parficular problem,

One of the practical implications of an incremental spproach to

costing is that histori:al or sunk costs have no relevance for future

1

Inly

decision making purposes. In the words of Hitch and McKean:
future secrifices are relevant - not past. In sn ecouomic calculus
'bygones are forever bygones.'...It is only the extra or incremental
cost, not historical or 'from scratch’ cost, entailed.by each alternstive
system that is relevant to the conpcrison7". As used in this sense a
sunk cost refers to the historical, accounting book-value, procurement
cost of an asset, | !

| 8.4.4 Context of Problem

>| It is important that the cost analyst recognize that the cohtext

of | is problem or the level to which his snalysis is directed can {m-

poanntly influence whether in a particular situation an incremental
cost does in fact exist,

When the probiem is to optimize some design detail within the con-
text of a given system, it is possible to neutralize or ignore msny more
cost elements than when intex-system comparisons are necessary. When
the problem {s one of intra-system anslysis, the analyst and decision
maker can skim over many cost areas in which the alternative configurations

t
have equivalent cust impact whether these areas are in the realws of
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inherited assets, fixed supply assets, spillover e“fects on other systems,
anticipated salvage values, high-level support costs, or direct mivsicn

costs In other words, if the decision has already been made to proceed

vith System X and {f the total system budget has already been substantially

n;rtcd upon, analysis of the several alternstive configurations can
justifiadly proceed incrementally by concentrating sttention on ths
relatively few cost/effectiveness trade-offs acong sensitive design
areag, {.e., areas in which the vaftoﬁa configurations differ. However,
the Jetermination relative to {dentical impact should not be made !ightly,
However, the above restricted type of analysis is less applicable
as the scope of the alternatives under consideration widens. Such widen-
ing usually occurs as one procceds upward in the administrative hierarchy.
When the scope of alternatives is widened, costs that were considered
fixed and insensitive in an intra-system context become variable and
sensitive. Thus, it {3 possible for instance. that research &nd develoﬁ-
ment, logistics, training, and high-level support ccsts maay be regarded
as insensitive, neutral, or non-incremental in their {mpact when iwo
slightly different configurations of a given Air Force X system are
being evaluated exclusively against each other. On the other hend, if
the analysis is broadened to rate an Air Force System X against a Navy
Syster Y or an Army System Z, or {f a command and control system is
competitively evaluated against alveapon system as a means of enhancing
the nation's total military posture, it becomes necessary to have a much
more inclusive cataloging of costs and to give greater attention to the
indirect ways in which an incremental cost can be generated, inclucing

the system non-funding costs discussed in this chapter.
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8.4.5 Documentatisa

Careful documentation of the estimating procedure is very important
wvhen an incremental approach to costing ie taken. This is true because
initially most system coat estimates are prepared at lower levels of
suthority where a relatively narrov range of alternatives is evaluat?d
and/or where information relative to such things as alternative uscrs
and alternative values of inherited assets, potentisl salvage values,
possible spillovers, appropriate charges for shared assets or fixed
supply assets, etc., is likely to be very limited or erroneous. Frequently,
these estimates made purely for intra-system comparisons are either
subsequently reviewed fur validation or used as a basis for intersystem
comparisons it higher levels of authority. S£ﬁc¢ soue of the incremental
cost assumptions of the first estimate are likely to be invalid or
inappropriate for subsequent analyses, it is very necessary that the
documentation of the initial ectimste fully reflect how all costs were
ttenizd. |

As & means of'pronoting this documentation it is suggested that
planning type system cost estimates be prepared concurrently on both
gross and net bases. The gross portion would, as far as possible,
estimate the costs of a svstem independent of any inheritance, sharing,
or side affects wvith or on other systems, All mission assets would bde
costed at their purchase price. The net portion, on the other hand,
would take full cognizance of possible cost impacts that this system
might have on and with other systems. Consideration would be given to
the posaibility of inheriting assets from other systems and, to the
extent that data were obtainabi:, the inherited sssets would be costed

at their alternative use value. An attempt would be made to estimate
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the vnfinblc costs attributable to the systsm fro-'uanctg or services
sharsd with other systems. Any known or speculated repercussions 'u
the form of spillovers and/or salvage values would also be included,
If it were impossible to quantify these inherited, shared, spillover,
or salvage costs, ths estimate would be explicitly documented to
reflect the possidble or probable existence of such costs vith the
notation that it had been izpossible to quantify them.
The advantage of thio gross-net type estimste is that {t would
allow the office originating the estimate to asks any assumptions
that it considered reasonsble in arriving at an estimste of the systesls
cost, wvhile concu-rently giving each succeeding reviewing echelon the |
full costing rationale employed by the lower echelon. This approsch
would also provide succeeding echelons with some of the basic data
needed to correct mistakes in lower echelon assumptions or e;ti-tcc
or to realign the original estimate to fit a different context or
different type of decision,
8.4.6 Specific Guidance
To promote a generally consistent and explicit application of the
incremental costing principle by all cost analysts it is desirable that
a set of specific operating principles be developed. Illustrative of
the type of guidance referenced is the following:
a. The Air Force has ~rovided official planning guidance
to help estimate the lower lazvel support personnel
and related resource requirements for standard Air
Force organizational unit-.' The specific estimating
telationships provided in these published sources can
be used to calculate some of the support costs ref-

erenced in this chlptcr;
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b, 1In keeping with the oppertvnity cost or alternative

use principle, an inherited asset should be costed
free (no cost) to & new system if there are no
alternative users for that asset.

¢. If an inherited uut.hu mltiplc ulternative uses,

the asset should be costed at its highest alternative
use value \lhﬂ"l this asset is included within the
confizguration of a planning type cost study.

For example, assume that an asset acquired for Sy stem £ at an
origingl cost of $5,000,000 is being released, Three (3) new military
systems B, C, and D, each could make use of this asset as opposed, in
each instance, to acquiring s comparable new asset. A fourth alternative
is to sell the asset to a private source for $4,000,000,

"Value"” of System A Asset:
(i.e., Difference between
the Purchase Price of a

Cost to Refurbish New Asset and the Refurnishin|
Cost to Purchase & Modify System Modification Costs of the

System New Asset "A" Asset Inherited Asset)
3 4,000,000 2,000,000 2,000,000

c 8,000,000 3,000,000 5,000,000

) 10,000,000 7,000,000 3,000,000
SALE PRICE 4,000,000

The appropriate cost to establish for the inherited asset vhen used in

one particular employment is the value that the asset would have if the

asset were used instead in its most productive (highest value) alternative

employment. Thus, if the System A asset were made availabie to System B

or D, it would be costed at $5,000,000 because the highest alternative use

fs in System C which is valued at¢ $5,000,000., On the other hand, if the
152




Systex A asse were usad in Systex C, (i Qouhl bo valued at $4,000,000 -
the possible sale price to s private source, the highest alternative ﬁu
value, (Note: The foregoing example is not intended to suggest which of
the competing systoms should in fact get the inherited ssset. 7The example
merely attempts to provide a systemstic basis “or determining how the
asset should de costed if it wers used in one way vs. snother.)
d. 1If System 2 inherits an asset from a dizcontinued
| Systgc B or draws such asset from the lnirentory of
a current System C, that asset should be costed to
System A at approximately fts current procurement
cost 1if such asset is on current or scheduled
procurement for Systems C. D, or K. Appropriate
allowence should, of course, be made for the con-
dition of the asset that System A inherits,
e. Unless the analyst has evidence of either "idle
capacity™ or an unusually tight supply in the
realm of designated shared assets or fixed supply
assets, & nevw system should be charged for these
assets in proportioﬁ to its use of these assets,
Thus, if System A and System P are being evaluated
as alternatives to satisfy s given requirement, and
System A requires 5,000 military personnel of »
given type and System B 500, System A should be
charged approximately 10 times as much for military

personnel as System B, In each case the charge per

man will be that represented by the pay, sllowance,
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and related fringe benefit costs®,
8.5 Susmary

This chapter focuses ca the fact that many true costs of a system
decision are not fully reflected in the money flows associated with
funding a system.

Tuase system non-funding costs arise when a system inherits some
of its required resources from other systems, or shares some of its
required resources with other systems, or uses resources that are funded
on a consolidated (non-system) basis, or bequeathes certain valuable
assets to successor systems, or indirectly causes other changes in the
costs of other systens.

The task of identifying and measuring these indirect costs is
seriously hespered by empirical problems,

. In seeking to surmount these data problems and in estimsting these
indirect costs, the incremental cost concept serves as a useful criteriom.
This principle seeks to fsolate the specific additional costs attributable
to a specific system decision; it rejects historical notions of cost such
as book-value or sunk costs.

The chapter provided {llustrative guidance for fdentifying and
measuring the m})ncre-nul cost impact of a particular system

decision,

’Som mathodologists argue that the respective demands of the two systems
for military personnel should not be converted to monetary terms, This
position has perticular relevance vhen there is a decided unbalance in
the totsl supply-demand positicn of the assst in question,
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CHAPIER 9

PRESENTING THE ESTIMATE

9.1 Objectives
Basically in presenting his findings the cost analyst must be mind-

ful of two considerations. PFirst, it is important that the findings of
the study be communicated in as meaningful and as effective fashion as
possible. Second, it is necessary to take precautions to insure that the
cost estimete is not misinterpreted or misused. |
9.2 Problems

9.2.1 2ole of Uncertainty

Most of the problems associated with pre-mting the results of a
cost study can be traced to the tremendcus uncertainties that a cost
analyst has to contend with, He can rarely find out as much as he weuld
1ik3 to know about the specifications of the requirement he is costing.
Additionslly, he finds it difficult to secure cost data that is either
quantitatively or qualitatively adequate. Accordingly, wvhen he derives
8 cost estimate for a specific system element or am entire systes, the
estimate is normally honeycombed with a myriad of assumptions, some -ore'
verifiable than others. _lloreover, if he were to change any of these |
assumptions, his cost estimate would also change. Therefore, if he tries
to take account of these assumptions in his cost estimate, he will end
up not wvith one estimate, but with several or many, depending upon which
assumptions prevail,

9.2.2 Teudencies to size Uncertaint

Sometimen snother problem to effective communication between the

cost anslyst and his client is a mutual, tacit tendency on the part of
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both of them to deemphasize the limitations and uacertainties in an
estimate. The client as a decision maker in choosing among alternatives
finds it easier to work with a single value answer and he finds it more
difficult to reach clean-cut decisions {f he has to take into consideration
mseny qualifications to a cost estimate, especially if these qualifications
are stated descriptively rather then quantitatively. On t'e other hand,
although the cost analyst does not went to oversel!l the validity and re-
liability ‘of his estimate. at the same time he has a human inclinatiom
not to depreciate its worth too greatly, especially if he has worked
hard to estimate the cost of a difficult requirement,

9.2.3 A Political-Mainisttltivel Constraint

Another problem to objective reporting is the fact that system co;t,
estimates are frequently generated in a uni-péutical atmosphere. That
is most system cost estimates are prepared as onc adjunct of a broader
_ system analysis study or proposal. To win progr ming and funding ap-
proval from higher administrative an:l legislative echelons of authority.
thess proposals must be "so0ld” on a cost/effectiveness basis in cumpecition
with other system proposals. Therefore, when great uncertainty exists ss
to a ;yotn'- most probsble cost, the cost analyst may find that his
client, if under strong pressure to iell his program, will take as his
single estimated value the lower end of a range of possible values de-
rived by the nuly:t; Bspecially in thedhort-run, there is relatively
1ittle that the cost analyst can do to prevent such misuse of his findings.

9.2.4 Subsequent Wisuse

Many of the most serious misusaes of cost estimates arise from the

fact that the estimate firequently becomas s dats input to luter studies.
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Thus, although the estimate may have been valid in its original applica-
tion, it is frequently much less so inm its later applications. The po-
tential danger of such misapplication increases with the reputation of
the analyst since subsequent users of an estimate are most likely to
accept the ectimate of a recognized expert without inquiring sufficiently
into its relevance in & new situation, |
9.3 Gensral Ground Rules

In many respeét: the problems that a cost analyst has in communicat-
' ing his findings co his client are characteristic of those existing in
most .dv!s¥r-client situations in the world at large. Also, certain
'basic ground-rules are generally applicable for improving such communica-
tion: | |

9.3.1 Documentation

It is very important that the cost analyst meticulously follow all
of the normal rules of yood reporting such as carefully stating the
assumptions and qualifications on which his estimate i{s based and clearly
defining the terms and concepts he uses. The time pressures to which
the analyst is subject in completing his report, sometimes make it
difficulz to comply with this guidance.

9.3.2 Strategy in Reporting

The choice of the particular medium to present this supporting in-
formation is very important. If possible, the most critical qurlifica-
tions should be incorporated with the estimate, itself, as an integral
pert of the mein body of the report. 1f relegated to an obscure appendix

of the report, they are apt to be overlooksd or ignored.
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9.3.3 Stressing Large and Coog-Scnligivg Elements

The cost findings will, of course, be most meaningful to the client
if they are expresrly geared to fit his specific appltcgtion of the
estimste. Among othar things, this msans that the output tables (slensnt
estimstes) and the narrative portion of the study should normslly focus

attention on the largest and most cost-sensitive elements.

Ia this regard, the study should note, {f per:insnt, the extent to
vhich the system cost would be affected if the system's development and

% 1

acquisition were either compressed or streI:hed out time-wise. For instance,
!
Y, to sowe extent, be &8 |

certain costs, such as system management,
function of the time period éver which they are spread, whereas others,
such as mission equipment, may be relatively inlcnsitive to the time ;
factor. | | |

Likewise, some cost element estimstes are more perishable (require
more frequent review and updating) than othiers. Certain types of cquip-
ment maintenance, vhere new developments in technology may be a conniéera-
tion, are an example of such data petishabflity. Because any study -;y
subsequently be used as a base for later akudico, and somatimes without
the knowledge of the analyst who did the original study, it is well t;
label the most perishable types of data. ‘

9.3.4 Standardized Reporting Procedures

Standardizing cost formats snd element definitions from system té
system and from one costing project to another also contribute to -or+

meaningful communication between the cost anslyst and his client,

especially 1if there are repeated contacts between the anslyst and the

same client on different projects. [
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9.3.5 Standardized Concepis

Since costing concepts, such as those usad in handling inberited
assets and support services, can sometimes be manipulated to achieve
large differences i# cost ¢stivates, {t is desirsdic that cettmiﬁ pround-

rules relative to concepts ba adopted in the interest of better analyst-

client understanding Firsc, as in the cesz of element definitions, it

is desirable that to the maximum extent possible, thess concepts should

{

be standardized. Sacond, it would be useful to have a succinct statement
| ' '

of these concepts as a standard attachment to all cost estimeces. This

> :

[::tc:cnt should also reference more detailed methodological literature

! at would further explain &hc rationale of the concept. Finally, the

main body of the narrative repdrt covering an estimate should explicitly
note and explain any deviat%ons from these standard concepts that may
have baen used in that particular study.
A partial, iilustrative listing of standardized costing concepts and
ground-rules that might appear in a typical cost study &re provided below:
’ 1. Purposes of the Study:
a. To estimate the total resource drain for eech of the
i designated systems options that would be incurred
during the period FY 19*! to FY 19YY. |
b. To estimate any savings, if any, that would resul. |
froa iaple-enting these options during FY l!li to FY 19YY.
2. Costing Ground-Rules:
a. This study is yused on a total activity coatihg com-
cept in tne l‘él‘ that it includes all type costs,
direct and indirect, attributable to the development,
acquisition, and operation of esch of the designated

stem optionn;
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c.

f.

9.3.6

However, costs are incremental in the sense that
only those specific costs are included that can
be identified to this particular system; {.e.,

cnly those costs that would be eliminated if it

vere decided to forego this system.

'The costs specifically excluded from this estimete

include the following:

Costs are expressed in undiscounted, 196X dollars.
The time-phasing of costs is by fisca® years in
which obligational suthority is believed needed
for commitment of funds.

The general system description and the appropriate
schedules for each system option are contained in

Section XY,

The estimates do not include any factor for futuras
improvements to provide performance capability in

excess of that specified in Section XY, etc.

Merchandising the Report

The cost analyst usually faces a prodlem in merchendising his
findings since traditionally scientific and economic writings are
dull reading to non-specialists. Considering this hazard and without
sacrificing the advantages of stindardi_ed reporting procedures and

formats discussed previously, it is well for the anclyst to tailor
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his presentation to his client's background and preferences relative to
such things as technical vs. non-technical exposition, the use of graphic
material and visual aids, extensive tables of supporting data, etc.
9.3.7 Estimating Omitted Elements

"Problg-l in securing data or a shortage of time to complete an
estimate may sometimes oblige an analyst to omit certain relevant ele-
-nntsvfro- 8 system cost estimate. As indicated previously, such
omissions should be clearly noted in the assumptions and qualifications
to the estimste. However, the client's understanding would be imgroved
£f the analyst were to give his best guess based on wvhatever research
he haﬁ done as to the relative order-of-magnitude of the omitted costs

vs. the included costs. An adj?ctive comparison would be helpful such

. as the "omitted costs are considered to be minor (or major) as compared

to the included costs."” A quantitstive estimate would be even more
helpful such as "the omitted costs are roughly estimated to approximete

25 to SU per cent of the included costs."”

9.3.8 Anticipating New Applications I
Similarly, because of the client's particular uppl;Fation, many
system cost estimates are partial, rather than total, ufkivity estimates.

Future misapplications of s;ch partial estimates could be avoided if the
original estimate were to be specifically annotated with an order-of-
magnitude estimate of the omitted costs that might be relevant if the -
original estimate were to be used for a different plausible purpose, e.g.,
flanning vs. funding. For instance: "The costs shown for the designated
airborne command system are funding oriented and should be appropriately
adjusted if it is decided to use these figures in evaluating this syste=

competitivaly sgainst other systems. In this case there should be added
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to the total funding estimate of $ X Million a charge of $ Y Million to
cover aircraft that this airborne command System A would ‘inherit’ or
secure from wespon Systea B."

In this connection it is rolative to refersacs tha discussion of
Chapter 2 concerning *he immmdiste, intermediate, and ultimste clients
of the ccnt.lnnly-t on a8 given costing project. Frequently, the moet
valusble contribution of the cost analyst to his immediate client will
come through éersonal, verbal contact or through informal memorand 1
long before the final report is written, especialiy if the cost analyst
is a member of a systea design team and if he has made cost
sensitivity studies to help guide the design effort. 1In such cases the
final narrative report may be a formality that documents for the file
all information that the analyst and client have exchanged,

However, even in such cases the final report is still extresely
fmportant for two reasons. Frequently, the immediate client has to
submit his own broad system analysis study through several or -iny
echelons in the process of securing official approval for the program,
A carefully documented cost report is extremely valusble to subsequent
echelons in making their evaluations of the system proposal,

Second; well documented cost reports on particular system studies
are the basic foundation of a centralized data base system. Without
such careful documentation, it is almost impossible to use past studies
as a basis for future cost estimates.

9.3.9 Multi-Valie Estimates

As indicated previously, many of the problems associated with pre-
senting the results of a cost study can be traced to the tremendous

uncertainties that a cost snalyst has to contend with, Because of this
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the cost analyst in presenting his findings really has & twofold
obligation to his client. One is to make an intelligent estimate as to
vhat fhe cost of & new system i{s most likely to be. His second obligation
is to provide some inkling relative to what the chances are that this
best estimate will be seriously wrong, and, if it is wrong, in what
direction and of what magnitude the error is likely to‘be.' | Chapter 7

in discussing uncertainty presented various methods of coemunicating

this type of lnforuti& to the client,

Chapter 7 also mentioned that the analyst could use adjective
descriptors, such as "strong possibility,” "very unlikely,” "fair
chance,” etc., to convey the degree of uncertainty he felt existed
in the estimte. Alternatively, he could use numerical probabilities
such as .8, .95, etc., t§ bracket a range of estimstes. Although at
times the analyst may feel that his knowledge is simply not sufficiently
precise to use numerical probabilities, whenever his information is
adequate, he should use the numerical prr-bability; It has been established
that large differences exist among people, even among system analysts, |
relative to the meanings attached to adjective descriptors. In other
words, the chances of misinterpretation are substantial wvhen adjective
descriptors are used.l

9.3.10 Avoiding Pseudo Accuracy

The cost analystc can also help to coﬁmicate his uncertainties to
his client by the precision with which he reports his data. The practice
of reporting very precise numbers connotes & pseudo accuracy because it
implies a depth snd precision of knowledge that in most cases simply does
not exist, Thus, lub-ele&nts should not be reported to the nearest

thousand of dollars wvhen the total system costs amount to hundreds of
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aillions or billions of dollars. 1In effect the analyst should round off
his figures in a way that highlights the normally tremsndous uncertainties
that underlie his findings rather than camouflage them.

This prescription relative to avotding pseudo sccuracy in reporting
may appear, superficially at least, to contradict the suggestion made
previously, to use numericsl reather than adjective descriptors to
communicate uncertainty. Basically, there is nc contradiction., The
practice should be to fit the presentation technique to fit the charscter
of the data to be presented. Thus, if the snalyst has sufficiently good
information to be precise in his presentation, he should be precise. In.
perticular, numerical statements are less subject to misinterpretation
than adjective descriptors. However, if his Mmtion is not precise,
he should not weuﬁd it 1s.

9.3.11 Uses and Abuses of Statistics

Finally, if the cost analyst and his client are to communicate more
meaningfully and if they are to use the cost findings intelligently as a
tool to decision meking, both the analyst and his client should become
avare of the most common misuses of statistics. Such knowledge is rela-
tively easy to acquire since in recent years a number of lucidly - -itten
books keyed to the level of the administrator and the non-professional

statistician have been written on this subjcct.z

Examples of statistical areas in which the analyst and client should
both be knowledgeable include the following:
Correct and Incorrect Uses of Percentages
Common Errors in Classifying Data
Uses and Misuses of Graphic Techniques

When to Use the Mean, Median, and Mode
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Simple Messures of Dispersion
Dos and Don'ts of Sampling
Correct and Incorrect Uses of Index Numbars
Normal and Other Distributions
Errors of Interpolation and Extrapolation
Correlations, Cause and Effect
The Proper Role of Confidence Intcw‘ls and
How to Calculate Thems
Picfalls in Calculating Proﬁbiliq
9.4 Summary
The uﬁmsibilltles of the cost snalyst do not end when he has
finally derived the estimated cost of his system. He must nl@ communi -
cate his findings to his client in as meaningful a fashicn s possible
and take wvhatever precautions he can to minimize a misinterpretation or
misuse of these findings either by his client or by subsequant users.
The most general and probably the most important thing that the
cost analyst can do to avoid a misinterpretation of hls findings is to
follow meticulously all of the normal rules of good research reporting
such as documenting all assumptions and qmliﬁcutim and carefully
defining all concepts and terms. The most important part of this
information should be incorporated into the body of the report rather
than relegated to an appendix where it would more likely be overlooked.
Al} tabular and narrative material should be expressly geared to
answer the specific questicns that follow from the client's intended
spplication of thc estimate and to highlight the largast and most

sensitive cost elements.
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Sctandardized cost formats, defisitions, ind concepts from system to
system and from project to project will minimize potential sreas of com-
fusion and misunderstanding.

To the extent that he can, the cost anaiyst should include in his
study an order-of -magnitude ndjusuint that would be applied if his |
estimate were to be used for other different, but related, purposes.

Ranges of estimates with a probability distribution attached to
various intervals of the range, as opposed to & single expected value
estirate, are 8 useful mesans of conveying unccrutn;y to the client,

The total system cost estimste plus thst of individusl elements
should be rounded appropriately to highlight, rather than camouflage,

the uncertainties pervading the data underlying the estimate.
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lAn S8DC siudy revealed amazirg differences in the meanings (numerical 164

probabilicies) associated with comscn verbal phrases such as "highly
probable,” "fair chance,” "somewhat unlikely,” etc., 8. C. Lichtanstein
and J. R, Newman, "Empirical Scaling of Cosmon Verbal Phrases Associated
With Numerical Probabilities,” System Development Corporation, Technical
Memorandum 1150/002/00 (28 June 1963).

zlct instance: W, U, Reichman, Use and Abuse of Statistics (Oxford 165

Uaiversity Press, 1961); Hans Zeisel, Sey It With Figures (Harper &
Row, 1957); W. A, Wallis &H, V, Roberts, Statistics A New oech
(The Free Press, 1959) Ch, 2 & 3.
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CHAPTER 10

USING THE COST ESTIMATE AS A DECISION-MAKING TOOL

10.1 Purpose
This study has sought primerily to show how the explicit, non-personal

methodology so successfully used in the hard sciences can be employed to
estimate more accurately the costs invo'’ved in developing, acquiring, and
operating a military system. The present chapter {s in s sense an epilogue
to the previous chapters in that it discusses a broader and perhaps more
basic issue, namely, where do the responsidbilities of the analyst begin

and end? In other words, do the potentislities for systematic analysis

end with the derivation and presertation of the cost estimate? Must the
larger prqblems of choosing the system's goals and selecting the preferred
alternative for meeting these geals be left entirely to the intuitive
julgrent of the elient, or can the analyst help the client systematicglly to
resolve these larger problems?

In recent years the movement to apply systematic anmalysis to the
total military system decision problem has procreded rapidly under meny
guises - operations research, system anslysis, managerent sciexce, etc.
Currently a frequent appellation for this type of methodology is cost/
effectiveness analysis. Our objective here is not tv cover the methodology
of cost/effective analysis; it would tahe a full-length book vo do that
adequately. Rather, the objective of this chapter is to explore bdriefly
in vhat ways, direct and indirect, the influence of the cost analyst may
be felt on the client's choice of goals and system citernatives to mset

these goals. 169

M — “ - - Y



It should be stressed that the discussion that follows is aimed wmore

at being selectively prescriptive rather than generslly descriptive. In

‘other words, it is not intended to recapitulate the responsibilities that

historically cost analysts have had.

. Thus, frequently cicher the characteristics of the problem being
analyzed or the sdministrative ground-rules of the project prevent the
cosi_annlylt from providing the type of service to his client described
below. In soms cases the client knows exactly what his goals are, he
has completely identified his possible system alternatives, and the system
study shows that one alternative is so clearly superior to the others that
the client needs no sophisticated methodology tb help him make his choice.
In other cases these matters may not be sc clear-cut, but either limitaricas
of time to complete the project or a client's preference to kéep these |
respousibilities entirely unto himself limit the cost snalyst's contribution.
The following discussion applies when neither these inherent or contrived
con;trnintl prevail,

10.2 .!!_El_’_l_g_s_gig. Objeciives
10.2.1 Pirming Up Goals

As a member of an ;nter-disclpllne system analysis team the cost
analyst can sometimes contribute importantly to establishing the goals
of a project. In the first place, the client frequently has omnly vague,
and sometimes conflicting, notions regarding his requirements when he
first requests an advanced systems study. It is part of the analyst's
responsibility to extract from the client and to develop with the client
a definitive, consistent statement of these goals and to translate these

generally stated mission goals into specific performance attributu.l
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10.2.2 The Role of Analysis

This translation demends & high level analytical capability for
several reasons. One is that in the military systems field, aspecially

electronic command and control systems, the system performance parametaers |

are generally expressed in nebulous, qualitative terms such as flcxibllit;, :
.rout; potential, consistency of response, etc. These terms must be defined
-nau}ngfully both within the context of the particular mission and also
conz&stcntly to reflect the higher level national goals that the particular
-iss}on ccntributes to. Second, a mejor restponsibilicy of the analyst is,
ubcrgver po:sible to find means of measuring quantitatively each of these
perfornnncc characteristics so that thc various system alternatives may
luhscquently be rated on how well they meet these requirements,

10.2.3 The Role of the Cost Analyst

In practice the stimulus to make these careful dcfipitions and trans-
lations frequently originates with the cost analyst'|~p¢rllst¢nt‘cffort:
to l;certain the details of the system that he is to cost (see Chapter 3).
Thir prodding by the cost anilylt may, for instance, oblige the military
plan?‘r and the other mambers of the system dcni;n.tit- to more concretely
cryl;alizc their notions relative to thresholds (minimum acceptable levels
of performance) for each of the rslevant attributes of total system ‘
cff-;tivcncls, and also to cpccula:. how much relative values they pllc.
on lrcc.llivt increments of performance above these throlholdc.

Moreover, if the cost analyst has participeted i{n many system
nnnljatn projects in the past he will have acquired some fingsse in

extracting and formulating these definitions and translations and thus

can sctively contribute to the proceas. Again ir practice, sn experienced
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cost analyst sometimes has major responsibility for defining, as well as
for costing, certain support and related requirements.

10.2.4 The Impact o! Jpportunity Costs

In another important way the costs analyst's findings can contribute
importantly to establishing the client's goals. This contribution is
exerted through the limited-resources, opportunity-cost principles dis-
cussed in Chapters 1 and 8. To reitﬁrate, in the deepest practical sense,
no goal has an intrinsig value unaffected by the resource requirements
(costs) associated with satisfying the goal. rrequeﬁ:ly, if the client
had initially established his goals with no knouledgk or serfiously
erroneous knowledge relative to their resource implications, :h; cost
analyst's initial findings are likely to prompt substantisl revisions in
these goals. Thus, an snti-missile defense is likely to rank high on
the nation's list of practical military system oojectives if such a
defense could be achieved for $500 million. The relative ranking of
such a gecal on a list.of_pfactical military system objectives, as opposed
to a "nice-to-have” wishing list, is likely to fall rapidiy if it is
found that such a capability would cost $500 billion. This principle
applies vithvequal force whether one is establishing objectives and re-
quirements within the context of a given system or mission, or whecher
one is deciding at the broadest possible level what our national goals
should be. The choice of goals and the costs associated with achieving

these gosls are inextricably bound togethér.z

10.3 Establishing Alternatives
10.3.1 Eliminating Domicated Llternatives

The cost anslyst not only can assist in eatablishing the client's
objeccives, he also can participate in estallishing syztem alternatives

to meet these objectives.
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in the first place. since the cost analyst is responsible for working
up the costs for each of the init.ally conceived system alternstives, he
purticipates on a wcrking level i1 spelling out the cost/effectiveness
trade-offs of these alternatives. 1Iwvo cénacqucnccs flow from this trade-
off‘unnly:ts. One, as suggested in Section 10.2, the client may ravise
some of his initial constraincts and performance thresholds when he secs
the opportunity costs posed by the cost/effectiveness analysis.‘ Second,
such analysis may automstically - with lictle decision action on the part
of the cliert - identify and eliminate from further consideration certain
doninqted alternatives. (Alternative A dominates Alternative B if A is
superior to B 1in af least some cf the relevant system performance
chnracteristics, is inferior te B in no relevant performance characteristic,
and costs no more (or less) than B.)

10.3.2 Drafcing New Alternatives

A second msjor responsibilicy that the cost analyst and other members
of the systeu analysis team have is to see that the client is fully aware
of all of his alternatives. In this connection they may participate in
drafting newv alternatives not ori;iw&lly proposed or conceived by the

t

client, This need to establish new ultetnltives derives from the fact

|
i
|

that normally after the analysis hnsﬂeli-inlted from further consideration
the dominated alternactives, there ro!nin several or numerous slternatives
for which there :xists no clear-cut dominance. In other words, slternative
X may praQide superior performance to alternative Y in one or more charac-
teristic(s), but p-ovide inferior performance in so-e.other characteristic(s)
inciuding cost. Before the client attempts to choose one of these altar-

natives, the system aralysis team may ascertain vhether some new slter-

native(s) can be drafted vhich will combine some of the best features of

alternatives X and ¥ without offsetting disadvantages.




In the drafting of such alternatives, the cost analyst is again
intimately involved. He will make cost sensitivity studiee that will
be used to reorient the design effort. These ctudies will ascertain the
relative sensitivity of :otal system cost to selective changes in the
values of each of the major system performance and design characteristics,
One result of these cost sensitivity studies may be to reclassify some of
the original undominated alternatives into a dominated status, To take a
hypothetical example, a reanalysis - including cost se;'mitivity studies -
could develop a new alternative "C" that would donimtl!"tvo alternatives
A and B that originally were among the undominated alt;ﬁatives in a first-

pass cost/effectiveness analysis:

Performance - Total
Characteristic System Cost
Alternatives {Index) (€110
X Y

(Original Analysis) ’

A 100 70 100
B 75 80 105
(Mew Analysis)

c i00 80 100

10.4 Selecting The Preferred Alternative

10.4.1 The Pr;:ble- of Incommensurables

Unless cost semitivity studies and other design activities have
succeeded in discovering one system alternative that dominates all others,
the client must decide vhich alternative on net balance he prefers. This
decision is difficult bec se he has to make & choice among what system
analysts call incosmensurables, elements having no comron basis for com-
parison. Thus, in the case of a warning system he may have to decide
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vhether he prefers Systen A which will provide a 5 minute warning of an
enemy attack with & 992 reliability (will provide correct information
99% of the time) or System B which will provide a 10 minute warning time
with a 902 reliability., The difficulty of the choice is, of course,
inaeased {f Systems A & B also differ in other important performance
areas and in total cost, and for technical ur sther reasons it is not
po3sible to develop another slternative that will combine the advantages
of A and B without offsetting disadvantages.

10.4,2 History, Judgment, and Values

This matter of selecting a preferred system among several or numerous
undominated alternatives is one of the most importaat and most difficult
aspects of the military system analysis process, Historically, it is the
area in vhich intuitive, subjective factors - judgment, experience, etc. -
have dominated the decision-making process. Many authorities believe that
such factors will (and should) always prevail over systematic ansalysis
because such decisions are intimately tied up with "values."

10.4.5 The Criterion Issue

Other authorities, however, believe that systé-ntic analysis can do
much to help the client better apply his experience, judgment, and value
standards. Hirch and McKean, for instance, state that ",...the selection
of an approprinte. criterion is frequently the central problem in the design
of an economic anslysis intended to improve military d:cisious."j In other
vords, th;y regard it as one of the economist's responsibilicies to con-
tribute importantly to the design of criteria on the baszis of which one
system is chosen over another.

. Although methodologists (economists, system analysts, operations

researcher analysts, etc.) have not developed and agreed upon a set of
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universal critcrfa applicable to all situations, they are in substantial
agreement that certain criteria are better than others and that some of
the criteria frequently used by ailitary planners in the past are bagically |
invalid.‘ In effect, this is to say that even with the present undeveloped
state of knowledge, 'sytte.tic analysis has something to offer in this
really pivotal area of deciding upcn what basis a client will evaluate and
select one system alternative over another.

One example may be cited: ﬁilitary planners have sometimes selected
& preferred system on an effectiveness/cost ratio basis. They have picked
the system wvhich offered the greatest amount of effectiveness per dollar
cost. This seemingly plausible criterion is basically deficient in that
it implicitly assumes a linear teutioﬁship between cost and effectivencss,
i.e., that an alternative which is superior at one levei of performance
will be superior at all levels, By ignoring the level of performence

decision, this technique would, under some conditions, lead to buying

much more performance than needed to accoqlish 8 mission and, under otber.
conditions, provide much less than a minimum required level of performsnce,
or in the words of Hitch and McKean (op. cit., p. 166) to provide ... a
system that would invite and lose & wvar 1nexpem1v§ly."
10.5 Scemary o |

FPiguratively speaking, there is no end to the possible applications
of explicit, systematic analysis to the problem of military system choice.
From the setting of mission objectives, the drafting and evalusting of
system alternatives to meet these objectives, the eliminstion of dod.utd
alternstives from further cconsideration and the drafting of new alternatives,
to the critically important creation of criteria to evaluate the undominated
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alternatives and to select the prefrrred alternative, tﬁe system anslyst,
including the cost asnalyst as a member of an interdiscipline system analysis
team, has a large role to play. Whether and to wvhat extent th;s role 1is
sctivated on a particular projgct is a function, on the one hand, of the
characteristics and constraints of the problem being anslyzed and, on the

other hand, of the adeinistrative ground-rules governing the project.
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1
This point is well stated by C. J. Hitch, presently DOD Comptroller, 17¢
in "On the Choice of Objectives in System Studies,” RAND P-1955, (1950).
zaitch and McKean in numerous writings have lucidly established this 171
point., For instance, Hitch op. cit.: p. 11, "The feedback on objectives
may in some cases be the most important result of our study, We have never
undertaken a msjor system study at BAMD in which we were able to define
satisiactory objectives at the beginning of the study.” (Emphasis
supplied - M. V,J.)
322. cit., p. 158, (Emphasis supplied - M.V J.) 173
‘hitch and McKean, op. cit. devote approximately 30 pages (pp. 158-87) 17¢

to this subject.
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